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0 IL PEPPERM INT (U.S. P.) Especially recommended for use where the very 


HIGHEST QUALITY TWICE RECTIFIED OIL fine peppermint taste and aroma, absolutely free 
from the weedy and haylike character present in 
ordinary oils, is desired. Useful where low 


OIL SPEARMINT  n. F.) alcoholic strength is necessary; very soluble. 


About three times strength of Natural Oil. 
FINEST SELECTION OF NATURAL OIL i 


Our new Catalog/Price List is available 
upon receipt of request on your business 
stationery. Please give your Name and 
Title to insure prompt delivery. 
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Using salt Efficiently 


a by INTERNATIONAL SALT COMPANY, INC. 


Only one salt dissolver delivers fully 
Saturated brine at lowest cost 


It’s the Sterling Lixator—a fully automatic rock 
salt dissolver developed exclusively by Interna- 
tional Salt Company for making 100°, saturated 
brine from economical Sterling Rock Salt. The 
Lixator needs no maintenance. And it produces a 
rock salt brine so pure and clean that it can be 
used in numerous operations formerly thought to 
require evaporated salt. Here’s why the Lixator is 
now being used in so many industrial plants... . 
Lixator has no moving parts—nothing to get 
out of order. 

Downflow principle. After water is admitted 
into the Lixator, it flows down through the rock 
salt in the dissolving zone. 


Brine is self-filtered for maximum purity. There 
is no sand or gravel filter bed to bother with. 
Instead, rock salt crystals in the lower portion of 
the Lixator completely filter the saturated brine. 


Fully automatic. Whenever brine is drawn off, 
water is automatically admitted into the dissolving 
chamber to make more brine. Rock salt flows in 
from a Lixator hopper or down a chute from an 
overhead bin. The only requirement is to keep the 
storage section filled with Sterling Rock Salt. 


Great flexibility. The Lixator can be placed any- 
where in the plant, at a point most convenient for 
salt delivery. Pipes deliver brine to points of use. 


Diagram of Sterling Model Lixator. [his is today’s most widely used rock salt 
dissolver. It’s available in many standard sizes—from 24” to 120” in diameter... 
with brine-making capacities up to 6,000 gallons per hour. Lixators come in 
enameled steel, Monel metal, or corrosion-proof plastic with storage hoppers 
(standard low-lip, wall-type, cylindrical, corner, etc.) to suit any plant requirement. 

For information on how your plant can save money with a Lixator, contact the 
nearest International Salt Company sales office. You can also get a free copy of 
“Brine for Today’s Industry’*— which fully describes the Lixate Process. 


International Salt Company, Inc., Scranton 2, Pa. « Sales Offices: 


Atlanta, Ga Chicago, II] Memphis, Tenn Philadelphia, Pa. 
Baltimore, Md. Cincinnati, O Newark, N. J Pittsburgh, Pa 
Boston, Mass. Cleveland, O New Orleans, La Richmond, Va. 
Buffalo, N. Y. Detroit, Mich New York, N. Y St. Louis, Mo 


Diagram of Sterling Storage Lixator. De- 
a Service and research are the extras in 
signed for larger operations, the Storage Lixator is 


a combination salt storage, salt dissolving, and STE Ri ING SAI T 
brine storage tank. On delivery, Sterling Rock Salt 


is unloaded directly into the Lixator. Lixate Brine IN’ TER NATIO}! AIT CORADA NY INC 
is made automatically, as it is inevery type of Lixator. N ’ 


IN THIS ISSUE— 


Tenderness tests Poultry meat 


Post-mortem aging of poultry meat and its effect on ten- 
derness of the breast muscles. John Wesley Dodge and 
W. J. Stadelman. 

Five experiments, involving a total of 456 chickens and 
48 turkeys, were conducted. Experiments were designed 
to measure the effects of different temperatures, media, 
classes of poultry, age of poultry, and time of aging on 
post-mortem tenderness of poultry meat. Before testing, 
all birds were slaughtered, picked, and eviscerated. Care- 
fully controlled, commonly accepted techniques were used. 
Careasses were aged in air, water, and high concentra- 
tions of ozone at given temperatures for designated time 
periods after death. After aging carcasses were wrapped 
in aluminum foil and roasted in a reel type electric oven. 
The cooked meat was cooled for 20 minutes before uni- 
form samples were cut from each side of the breast, 
weighed in grams, and tested for tenderness on a Kramer 
Shear press. The resulting data were analyzed for signifi- 
cance by analysis of variance. Within the limits of this 
study, the following results were obtained. Age of bird 
slaughtered, time of aging, class of poultry, temperature 
of aging, and media in which the careasses were aged, all 
appear to be important factors in post-mortem tenderiza- 
tion. Age of the bird slaughtered and the class of poultry 
appear to be more closely related to actual pattern of 
rigor. The time of aging and the media appear to be 
more closely related to level of tenderness within the 
rigor pattern. The temperature appears to affect both 
pattern of rigor and level of tenderness at a given time 
post-mortem, (See page 81.) 


Thresholds for sodium 
benzoate, sodium sorbate 


Taste test 


Taste thresholds for sodium benzoate and sodium sorbate 
in apple cider. ). ©. Dryden atid Claude H. Hills. 


Taste thresholds of sodium benzoate and sodium sorbate 
in fresh apple cider were determined by means of a 
trained taste panel, using triangle tests at various levels. 
The panel was able to detect sodium benzoate at a level of 
0.03%. The threshold for sodium sorbate was somewhat 
higher. Sodium benzoate samples from various manu- 
facturers were compared. A consumer preference type 
test was also carried out to determine whether the taste 
of sodium benzoate and that of sodium sorbate were 
objectionable at the levels commonly used for the preser- 
vation of cider. (See page 84.) 


Enzym ology Ficin 
Properties of the milk clotting activity of ficin. John R. 
Whitaker. 


Ficin, the proteolytic enzyme(s) of fig latex, has been 
shown to have properties which make it suitable for use 
as a meat tenderizer and a clarifier of beverages. It also 
produces a rapid coagulation of milk. This latter prop- 
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erty of ficin is of great potential importance in certain 
countries where there are objections to slaughtering 
calves for the production of rennin. Therefore, it is of 
importance to determine the properties of the component 
of ficin responsible for milk coagulation and whether 
this component differs from the component responsible 
for the proteolytic activity. This work was divided into 
2 phases, effect of changes in the substrate solution and 
effect of changes in the enzyme on the milk coagulating 
ability of ficin. Effeet of the substrate concentration, 
volume of substrate, volume of sample added, pH of the 
substrate, addition of calcium ions, and buffer concentra- 
tion on the milk elotting time are diseussed. Effect of 
temperature (0°—60° C.) on the milk elotting activity and 
the stability of the milk clotting component as well as the 
effect of enzyme concentration on the time of clotting 
have also been determined. Action of some 20 activators 
and inhibitors of the milk clotting activity of ficin are 
diseussed in terms of the concentration required for half- 
inactivation or half-aectivation (I,, values). Effeet of sor- 
bie acid is especially interesting because of its usefulness 
in the food industry as a preservative. (See page 86.) 


Detection of off-flavor Formation of PCA 

in beet puree 
Formation of pyrrolidonecarboxylic acid during the pro- 
duction of beet puree. R. S. Shallenberger, H. R. Palle- 
sen, and J. C. Moyer. 


Pyrrolidonecarboxylie acid (PCA) is an important com- 
ponent of an off-flavor which may develop in beet puree 
during production. The precursor to PCA is the labile 
amide, glutamine. In order to obtain information upon 
the formation of PCA in beet purees so that adequate 
control measures might be recommended, the effect of 
processing time, processing temperature, and the gluta- 
mine concentration were studied. Beet puree was pro- 
duced in the pilot plant. The holding time, holding tem- 
perature, and glutamine content of the mash were varied. 
The PCA content of the puree was found to be directly 
related to the holding time and the initial glutamine con- 
tent, but it varied exponentially with the holding tem- 
perature. (See page 92.) 


Milk, milk products 


Radiation preservation of milk and milk products. VIII. 
Radiation-distillation apparatus for using high energy 
electrons. J. H. Wertheim, J. E. Hoff, B. E. Proetor, S. A. 
Goldblith, R. N. Roychoudbury, and G. D. Saravacos. 


Radiation preservation 


February Cover. Bacteriologists maintain continuous 
checks on the quality of foods. The cover pieture for 
February (courtesy, General Foods Corporation, Birds 
Eye Division) shows a bacteriologist making bacteria 
counts, using differential media, on frozen foods. 
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An apparatus for the concurrent radiation distillation of 
milk using high energy eleetrons from a resonant trans- 
former is deseribed. Preliminary data are presented on 
comparative studies of milk treated by this means, using 
electrons and gamma rays from a Cobalt-60 souree. (See 
page 94.) 


Colorimetric method Citral content of 


lemon oil 


Effects of environmental and processing factors on the 
citral content of lemon oil. W. L. Stanley and S. H. 
Vannier. 


Evaluating the flavoring quality of fruits and fruit 
products has been hampered by the lack of selective 
analytical methods to determine the nature and amounts 
of the individual flavoring components. This is particu- 
larly true for citrus oils in which the flavoring and aro- 
matie components are mainly oxygenated terpenes. The 
characteristic favor and aroma of lemon oil are imparted 
by the terpene aldehyde, citral. However, other alde- 
hydes also are present in undetermined amounts, One of 
the quality tests currently applied to lemon oils consists 
of analyzing for total carbonyls (as citral) by the phenyl- 
hydrazine method. A new specific colorimetrie method of 
analysis for citral employing vanillin-piperdine reagent 
has been developed. This method has been applied to a 
study of the efficiency of commercial processes of re- 
covery and refining in retaining maximum eitral content 


AGAR. . . for emulsions in cake 
mixes and ices; certain cheeses; cus- 
tards; packing meats and fish and 
fowl, stabilizing sherbets; confec- 
tionery. 


LOCUST BEAN ... prevents water 
leakage in food pastes, cream cheeses, 
processed cheese spreads; used in 
combination with starches to in- 
crease swelling properties; in ice 
cream and bakery stabilizers. 


TRAGACANTH .. . used as a sus- 
pending agent with an extremely 
long shelf life. For ice cream, can- 
dies, syrups, jellies, salad dressings, 
sauces, flavor emulsions, egg substi- 
tute preparations. 


For more information on these and 
other water soluble gums that Meer 
Corporation has assembled, handled 
and distributed since 1926, write for 
descriptive technical bulletin. 


MEER CORPORATION. 


46th St., New York 36, N.Y. + 325 West Huron St., Chicago 10, Ill, 
Soden & Co. Ltd, Toronto 18 Montreal 22 


in lemon oil. Results indicated that major losses occur 
during the pressing of the peel. In this step losses may 
be as high as 50%. Leaching of citral from the peel by 
excessive water washing was shown to be negligible, 
whereas losses during centrifugation were at a minimum. 
The new method has been applied to a study of the citral 
content of oils collected directly from the oil glands 
(flavedo) of the lemon fruit. Variations of citral concen- 
trations in oil samples extracted over the surface of the 
individual fruit (distribution profile) from fruit collected 
from different growing areas, fruit of different maturities, 
from fruit picked from different parts of the tree, and 
from fruit exposed to sun and shade have been deter- 
mined, (See page 96.) 


Cakes 
Studies on the freezing and defrosting of cakes. J. \V. 
Penee, M. M. Hanamoto, and J. M. Galbreath. 


Freezing, defrosting 


Time-temperature curves for freezing and defrosting sev 
eral types of eake were determined over a range of ex 
perimental conditions considered to be representative ot 
commercial practice. Effects of temperature, air velocity, 
and packaging are presented and diseussed for iced and 
plain cheocolate and yellow layer eakes, angel food, 
chiffon, and pound cakes. At both 0° and —20° F., air 
moving at 650 linear f.p.m. reduced freezing times of un 
wrapped cakes to a much greater extent than when the 
cakes were wrapped or packaged. Snug cellophane, cor 
rugated glassine, or foil packaging had less effeet on 
freezing or defrosting times than typical paperboard 
cake boxes. Teings on layer cakes prolonged freezing and 
defrosting nearly as much as when cakes without icings 
were packaged in paperboard boxes. Butter cream icings 
offered greater resistance to heat flow than fudge type 
icings. Chiffon cakes froze and defrosted more slowly than 
angel food eakes of the same size under the same condi- 
tions. An increase in temperature from S0° to 100° F, 
shortened defrosting times to a greater extent than an 
equal increase from 100° to 120° F. Flavor and texture 
qualities of cakes were unaffected by variations in freez 
ing and defrosting times ranging from 2 to about 12 hours. 
(See page 99.) 


Consumer preference Sugar level in 

ce 
The influence of sugar in ice cream. II. Consumer prefer- 
ences for strawberry ice cream. Rose Marie Panghorn 
and T. A, Niekerson. 


Strawberry ice cream varying in sugar content (15.9°, 
17.60%, 19.2% or 20.8%) was evaluated by 650 individuals 
in a household consumer sarvey employing the method of 
paired comparison-preference. Both the consumer panel 
and a trained laboratory panel preferred the sample con 
taining 19.29% sugar to a significant degree over the other 
samples. Reasons most frequently given for preferring 
the sweeter samples were (a) more flavorful, (b) richer, 
(ce) creamier. The majority of the homemakers inter- 
viewed indicated that they were willing to pay 5¢ per 
pint extra for the sample their family preferred. If 
adjusting the sugar content of ice cream results in a 
more flavorful product that the majority of the consumers 
like and are willing to pay extra then a reappraisal of the 
sweetness levels used in the ice cream industry seems to 
be in order. (See page 107.) , 
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Food processors have long relied upon the quality 
ingredients distributed to the food industry by Corn 
Products Sales Company: Cerelose dextrose sugar; 
Buffalo, Hudson River and Snowflake starches; Rex 
and Globe corn syrups. These fine products bolster 
the flavor, texture and color of fine foods—factors 
that enhance food value and keep buyers reaching 
for your brand. 

The sugars, syrups and starches available from 
Corn Products Sales Company do more than in- 
crease these desirable food qualities: they save on 
production costs as well. These natural products are 
easy to handle, lead to more efficient, economical 


Best way to Increase 
Flavor, Texture and Value 


processing. Their carefully controlled quality, uni- 
form from day-to-day, means your formulations 
can be consistent and standardized. 


The experience amassed by our technical repre- 
sentatives in incorporating Corn Products sugars, 
syrups and starches in virtually every type of fine 
food product sold today, is always at your service. 
For full information on how these quality-en- 
hancing ingredients can be adapted to your pro- 
cessing, call our nearest sales office or write direct. 


CORN PRODUCTS SALES COMPANY -« 17 Battery Place, New York 4, New York 


Fine Products for the Food Industry: CERELOSE® dextrose sugar + BUFFALO? 
HUDSON RIVER® and SNOWFLAKE? starches REX® and GLOBE” corn syrups 
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Defrosting, ultrasonic Frozen foods 


Ultrasonic defrosting of frozen foods. Aaron L. Brody 
and G, N, Antonevich. 


> i Vibratory energy at frequencies of 10 ke, 20 ke, 400 ke, 
is mad te a and 1000 ke was used in an attempt to accelerate thawing 
of three representative frozen foods, hamburger, straw- 
berries, and liquid whole egg. Thawed material was more 
ank absorptive than frozen material, and so excessive local 
heating was observed in thawing hamburger. In straw- 
berries which were frozen in sirup, micro-agitation caused 
by ultrasonic energy increased the rate of heat transfer 
and minimized localized heating. This streaming effect 
was very pronounced in liquid whole eggs, allowing for 
significant inereases in thawing rates. High energy re- 
quirements for practical thawing rates in frozen liquids 
and negligible effects in solid foods indicate limitations 
of ultrasonic energy for thawing. Ultrasonic defrosting 
does not appear feasible at present because of poor ab- 
sorption characteristies of foods, lack of practical means 
to couple energy to food, and high equipment costs. (See 


page 109.) 


Storage study Orange juice powder 


Orange juice powder. S. K. Notter, D. H. Taylor, and 
N. J. Downes. 


Vacuum-dried orange juice powder containing no addi 
tive other than NaHSO, was stored at 70, 77, and 100° F. 
Changes in flavor and chemical composition were evalu- 
ated at intervals during storage. The stability of the 


entrapped cold-pressed orange oil was excellent whether 


in sorbitol, sucrose, or dextrose. Powders containing up 


to 0.11 free oil were equal in storage stability to those 
containing .058¢. The vacuum-packed powder, after 
70° F. storage for one year, was equal in flavor to the 
—30° F. control, when compared by ranking. The tri- 
angle taste test showed the 3-month 70° F. sample to be 
different trom the —30° F. control. After 30 days at 
100° F. the sample was judged to be different from the 
—30° F. control. The IPD dessication rates of orange 
juice powder at 70° and 77° F. were about 10°, greater 


in 6-oz. than in No. 10 eans. Loeation of the desiccant 
in the No. 10 ean had no signifieant effect on desicea 
tion rate of the powder. Loss of SO. in orange juice 
without other additive occurred only in the drying process. 
The consistency of the juice was unaffected and the 
color but slightly affected by the drying and storage 
operations. Under the most adverse conditions used (6 
months at 100° F.) 75° of the aseorbie acid was retained. 
(See page 113.) 


Antibiotics Activity against yeasts 
and molds 


The effect of several antifungal antibiotics on the growth 
of common food spoilage fungi. John B. Klis, Lloyd D. 
Witter, and Z. John Ordal. 


The activity spectra of six antifungal antibiotics and sor- 
bie acid against sixteen yeasts and molds responsible for 
the spoilage of foods was determined. Two testing pro- 
cedures, an agar plate method and a shake culture 
667 WASHINGTON ST., NEW YORK 14, N.Y. method, were used and compared. Of the antifungal 


antibiotics tested, myprozine had the greatest range of 


POLAK & SCHWARZ INC. 


A Division of International Flavors and Fragrances Inc. 


Offices: Chicago, Ill.; Los Angeles, Calif.; Toronto, Can.; mer : 
Plants: Teterboro & Guttenberg, N. J.; Culver City, Calif.; activity at the lowest concentrations. The other anti- 
New York, N. Y. bioties arranged in order of decreasing effectiveness were 
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CONTROL 


as featured on the 
cover of the 
December issue 


Guesswork is gone when Agtron comes into 
the picture! With the use of this direct read- 
ing electronic color instrument, the food in- 
dustry can now assign numerical value to 
color. A designated range of color tolerance 
can be established for maintaining quality 
color control independent of human visual 
errors. 


Extremely simple in its operation, Agtron is 
of inestimable value in helping food process- 
ors fulfill USDA requirements for product 
standards. It makes possible complete qual- 
ity color control between plants, since it pro- 
vides a constant numerical "scale". 


PATENTS PENDING 


Many of the country's largest and best-known food and beverage industries 
are long-time Agtron users. May we send you illustrated literature and a list 
of these industries, together with the answers to any technical questions you 
may have? There is no obligation, of course. 
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rimocidin, nystatin, fungizone, aetidone, and griseofulvin. 
Sorbie acid required higher concentrations for complete 
inhibition of the test fungi than the antibiotics. (See 


page 124.) 


Flavor improvement Use of flavor enzymes 


Application of flavor enzymes to processed foods. I. 
Panel studies. Kurt S. Konigsbacher, Erie J. Hewitt, and 
Ralph L. Evans. 


The effect of flavor enzymes on a variety of processed 
foods and on flavor precursor solutions has now been 
evaluated by a considerably larger heterogeneous group 
of judges which ineluded food experts as well as non- 
technical people. Data obtained from a series of demon- 
stration tests showed that the addition of flavor enzymes 
had a signifieant effect on the flavors of the test foods but 
that the effect of the flavor enzymes differed markedly 
depending on the test materials. A difference was found 
in 98.50 of all cases. The majority of responses (79%) 
also indicated a preference for the flavor of the enzyme- 
treated samples, while in 100% of the eases the flavor of 


the untreated controls was preferred. The preference 
ratings given for the enzyme-treated foods were broken 
down further into slight, distinct, strong, and very strong. 
A slight preference was shown in 25.30% of judgments, a 
distinet preference in 33.8% of judgments, a_ strong 
preference in 13.007 of judgments, and a very strong 


preference in 6.9¢7 of judgments. (See page 128.) 
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OIL OF LIMES 
OIL OF SWEET ORANGE 
OLL OF BITTER ORANGE 
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Terpeneless and Concentrated 
Citrus Oils 


Products of Our 


OIL OF ORANGE VALENCIA 

OIL OF GRAPEFRUIT FLORIDA 
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Serving the Flavor and Food 
Industries for over 35 Years 
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New product Fish flour, fish meal 


Fish flour and fish meal by azeotropic solvent processing. 
Ezra Levin. 


The first plant producing defatted dehydrated whole fish 
meal solvent extraction is now operating at New Bedford, 
Massachusetts. Capacity is 75 tons daily. Water is dis- 
tilled and oil extracted simultaneously. Solvent is ethy- 
lene dichloride. Removal of fat insures stability and 
helps prevent biologie deterioration of meal in storage. 
Biological value of protein is as high as fish from which 
meal is derived. Meal includes fish solubles and is richer 
in accessory growth factors than fish meal made by con- 
ventional method of steaming and pressing. Fish oil pro 
duced is of good quality and stable. Various types of fish 
flour for human use are ground and screened (S0-mesh) 
for areas where fish flavor is desired; deodorized by pro- 
longed steaming for areas where partial deodorization is 
adequate; deodorized by solvent extraction with ethy! 
alcohol for areas where a neutral flavor is required. Pro- 
tein of these types of fish flour is shown to be of equal 
biological value, undiminished after one year’s storage at 
room temperature. Defatted, dehydrated fish flour makes 
possible inexpensive, abundant, stable animal protein. 
This process for producing stable, high quality meal and 
oil makes possible exploitation of the sea as a source of 
great wealth, especially significant to underdeveloped 
countries needing feed, food, and exports. (See page 132.) 


Green snap beans iu 
retail packages 


Freezing technology 


Time-temperature tolerance of frozen foods. XVI. Qual- 
ity retention of frozen green snap beans in retail pack- 
ages. W. C. Dietrich, Marvel-Dare Nutting, R. L. Olson, 
F. E. Lindquist, Mildred M. Boggs, G. S. Bohart, H. J. 
Neuman, and H. J. Morris. 


Controlled experiments were carried out with commer- 
cially packed frozen beans over a —30° F. to 40° F. 
temperature range. Sample lots were selected to repre- 
sent differences in variety, growing area, harvest year, 
processing conditions. Variations in blanching conditions 
were encountered which affected rate of deterioration. 
A general description of quality loss of frozen green 
beans is given, quantitative aspects of deterioration are 
discussed, and a quality index based on chlorophyll 
measurement is proposed. Blanching under high-tempera 
ture, short-time conditions is suggested as a means ot 
minimizing the deterioration rate. (See page 136.) 


Edible non-toxic coating For poultry meat 


Edible protective coatings for extending the shelf-life of 
poultry. R. ©. Mever, A. R. Winter, and H. H. Weiser. 


Cut-up chicken and eviscerated half-birds were coated 
with edible non-toxie coating materials. To determine the 
value of these coatings in retarding microbial spoilage 
under various storage conditions, the coating materials 
were employed with and without a conventional wrapper 
and in conjunction with various antibiotics at storage 
temperatures of 75°, 55° and 35° F. Samples were with- 
drawn from storage at given intervals and examined or- 
ganoleptically and bacteriologically. The coating ma- 
terials did not alter the appearance of the samples and 
were most effective when employed in combination with 
one or more of the antibiotics. (See page 146.) 
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IMITATION VANILLA BEAN FLAVOR BY FIRMENICH 


Vanilla Bean Flavor by Firmenich stems from the vanilla bean. By cA 7 
research, its components and desirable characteristics have been isolated, identified 
synthesized. By patient and painstaking laboratory technique they have been reconstruct 
you in a precise and potent flavor material with all the aromatic qualities of the original HERES See 
Vanilla Bean Flavor by Firmenich comes to you as an economical replacement of 
pure vanilla extract, of pure vanillin, or to use in combination in the manufacture of all 
products that you flavor with this most popular of flavors. Contains no coumarin 
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Ya R EXECUTIVE COMMITTEE Was 
kind enough to allow me to choose my own topic. | 
suspect that many of the management, sales and tech- 
nical personnel here tonight feel a concern that they 

may not be given the 
proper recognition in the 
framework of their com- 
pany and that a subject 
that may be a proper self- 
interest, as well as a cor- 
porate interest, might be 
of import. 

In order to develop the 
subject that proper recog- 
nition and reward depends 

on performance appraisal 

\ and job counseling, | pro- 
pose to explore first, ** what 

4 ‘makes or breaks’ a job’’; 
second, ‘*what ‘makes or 

Dr. M. L. Rock breaks’ a person’’; ** what 
successful people are made 

of’: and, lastly, “how to get the most out of your 


talents.’ 


WHAT “MAKES OR BREAKS" A JOB 


Every job exists for a purpose. Every job must 
produce some end result that makes a Cifference. The 
value of your job is not what it takes to do it, but what 
results from doing it. This is what we eall **account- 
ability Accountability is different from what you 
do; it is rather what results from what vou do. One 
of our clients was having a problem, serious in that 
breakdowns of equipment beeame frequent. The 
equipment operator maintained that he was not at 
fault; he was doing his job. ‘*l am watehing the 
vauges and adjusting the valves.’’ After discussion 
with the operator, the accountability of his job was 
emphasized to him as ‘‘constant line pressure.’’ 
comment was, will take eare of that.’’ The client 
reports a minimum of breakdowns. Everyone of us 
vets up in the morning, washes, dresses, and gets to 
work-—this is responsibility—vour duties. Aecount- 
ability asks, “‘what difference does it make for us to 
vet up in the morning, wash, dress, ete. ?”’ 

I would like to go into the question of accountability 
a little deeper Accountability can be understood 
better by using the following 3) factors in) your 


thinking: 


Presented before the Philidelphia Seetion of TET, Now. 4, 
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You, Your Job, Your Talents, and Success: 


Milton L. Rock 


Vice President Edward N. Hay & 
Associates, Incorporated 
Philadelphia 


How much and what kind of guidance is received, 
or how much freedom to act is in the job; 
What is the dollar magnitude or size of area ef- 
fected: and, thirdly, 
What is the impact on this area? 
Keeping these 3 evaluation guideposts in mind, vou 
can then look at your own accountability for end re- 


sults in the following 7 areas of endeavor. 


Your Manoqement functions: 

1. Your accountability for organization structure, 
staffing, and reviewing; 

2. Your accountability for tactical planning for 
action (long and short range plans) ; 

3. Your accountability for execution, getting the 
work done; and 

4. Your accountability for reviewing, the basic ap- 
praisal of performance against the preceding 3 
management accountabilities ; and 


Your 3 Survival and Growth functions : 

1. Your accountability for poliey, essentially your 
accountability for doing something about compe- 
tition within the industry, economies, business 
eyeles, government, management creed and so 
On; 

2. Your accountability for innovation, this is strate- 
gic planning, creativity, and dynamie research 
to keep abreast of tomorrow ; and 

3. That which is always found at the bottom right- 
hand corner of the balance sheet—profitability, 

considered only when it is related to risk taking. 


beg vour indulgence in this technical discussion 
This is the most important part of vour understand- 
ing of yvour job—‘makes and breaks.”’ It like 
Casey Stengel’s statement that he doesn’t care how 
many runs the opponent gets, but he wants to get the 
most in 9 innings, [tf is like learning golf; if vou want 
to score vou must have the object of accountability for 
end results in mind. Sometimes vou will use vour put- 
ter to get out of a sand trap. The goal of golf is to 
have the fewest strokes to the hole. The goal of your 
job is to make a difference to the end result of your 
company’s survival and growth. 


WHAT “MAKES OR BREAKS” A PERSON 


There are 2 questions we must explore to answer 
this one question, Firstly, what **makes and breaks”’ 
any person for any executive, sales or professional 
technical job; and, secondly, what ‘Smakes or breaks”? 
stiecessful people from advancing and then maintain 
ing leadership in specifie jobs. 
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During the last 9 or 10 years we have been collect- 64 
ing psychological and performance information on all 
client executives, making an annual salary of $5,000 60 
and upward to approximately $100,000. We have col- 
lected this information on 30 items such as intelli- 56 
gence, ability to communicate orally and in writing, 
age, experience, education, ability to take risks, quan- = 
titative reasoning, and so on. In order to give you 48 
some idea of the kind of data that comes out of in- 
vestigations of this sort, | have selected for discussion 44 
one corporation in the field of oil and natural gas with 
a total payroll of over 3,500 for whom we had the iil 40 
opportunity of reviewing the top 218 men, including 7 36 
the chief executive and his operating committee.” Pa 
We found that age and salary can be used as the Med 32 
base requirement in which to appraise the other test & 
information. For example, in the group under dis- “Z 28 
cussion the age ranged from 23 to 63 years of age; A) , 
the average age, 42 years. The salary ranged from A ” 
$5,000 per vear to $75,000 per vear ; the median salary, os 20 
$9,000 per year. Referring to Figure 1, the age-salary FA 
16 
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F'gure 1. Age vs. salary. = 
— Over 42 yrs. of age, salary over $9,000/yr 
chart, you will note that although age and salary do GB Under 42 yrs. of age, salary over $9,000/yr 
have direct correlation, there are some exceptions that fim Over 42 yrs. of age, salary less than $9,000/yr. 
must be considered and studied very carefully when Under 42 yrs. of age, salary less than $9,000/yr 


you are examining executive competence. For exam- Figure 2. Education vs. salary. 
ple, there are 18 people under 42 who have a salary of 
$9,000 or more per year. These are the ‘‘stars’’ in 
this particular company. Salary reward is clearly at 
least one very important criterion. 

Let us follow through these 18 people and compare 


was] 


them to the rest of the group. As you can see in 


Figure 2, executive education in this company ranges 


from high school not complete to postgraduate courses. 
There is no one under 42 who has not completed high 
school. The so-called *‘star population’’ falls within 
the high school graduate group to the postgraduate 
group, although more of them fall in the college and 


post college graduate work. This is not the same pat- 


tern as the men over 42 and having salaries of $9,000 
per year. They appear to fall in all groups. Con- 
sidering the population as a whole, education is not an 
essential factor except in the young group there seems 


” Presented to the Thirteenth Congress of International As 


sociation of Applied Psychology, April, 1958, and published in 10 
American Management \ssociation’s Personnel, Nove mber, 
1958 issue. Figure 3. Intelligence: executive vs. normal population. 


f ‘oes | 
f rA 
f 
1 
‘ 
| 
\ 


What you should know 
about oxidative deterioration 


In fats and in foods containing fats, oxidative deterioration is caused by 
the reaction of oxygen in the air with the unsaturated portion of the fat 
molecule, This reaction produces free peroxide radicals which, in turn, 
appear to trigger a lengthy chain reaction, the result of which is the forma- 
tion of a variety of aldehydes, ketones and acids, Once started, the break- 
down cannot be reversed. In fact, if allowed to continue, it proceeds at 
an increasing rate. 


| \ is it important to food processors? 


Oxidative deterioration, unless checked, rapidly takes its toll of fat-con- 
taining food products in the form of rancidity. Nothing destroys the 
reputation of a food product so quickly as the pungent, tallowy odor and 
flavor characteristic of rancidity. 


\\ can you control oxidative deterioration? 


Oxidative deterioration can be effectively controlled with antioxidants. 
Added to oxygen-sensitive fats and fat-containing food products, these 
chemical compounds step in to check the rancidity-producing chain re- 
action referred to above. Since the reaction leading to rancidity cannot be 
reversed, antioxidants can only prevent further deterioration. Hence, it is 
essential that they be added as early in the processing of the food product 
involved as possible. 


| antioxidant is best for youP 


The principal food-approved antioxidants in use today are butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and propyl 
gallate. All are available from Eastman, alone or in solution formulations 
containing various combinations and ratios of BHA, BHT and propyl 
gallate, with or without a metal chelating agent. 

The most effective and economical formulation for use in any given food 
product depends upon such factors as the food itself, how it is processed, 
methods of distribution and storage, and types of packaging. Advice and 
assistance in selecting the best formulation for your specific requirements 
is available from the Eastman food laboratories. 


are these antioxidants available? 


Marketed under the trade name TENOX, these food-grade antioxidants 
and the experienced technical service which backs up their proper use 
are available from Eastman Chemical Products, Inc., subsidiary of Eastman 


Kodak Company, Kingsport, Tennessee. 


Eastman 
food-grade 
antioxidants 


SALES OFFICES: Eastman Chemical Products, Inc., Kingsport, Tenn.; New York; 
Framingham, Mass.; Cincinnati; Cleveland; Chicago; Houston; St. Louis. 
West Coast: Wilson Meyer Co., San Francisco; Los Angeles; Portland; Salt Lake 
City; Seattle; Denver 3 Sp k 3 Ph i Canada: P. N. Soden Co., itd., Montreal, 
P.Q.; Toronto, Ontario. 
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os Over 42 yrs. of age, salary over $9,000/yr ailiiiy Over 42 yrs. of age, salary less than $9,000, yr 


| Under 42 yrs. of age, salary over $9,000/yr. Under 42 yrs. of age, salary less than $9,000, yr 


Figure 4. Intelligence vs. age and salary. 


to be some advantage. Younger men, however, will the executive population curve just about starts in the 
reflect the present day trend toward more education mean of the normal population curve. It should also 
for everyone. be recognized that the Armed Forces use 110 and /or 
Figures 3 and 4 illustrate intelligence as defined by 115 as a cutting off point for Officers’ Candidate 
the Wechsler Adult Intelligence Scale. The normal Schools indicating the minimum intelligence require- 
population as described by the Wechsler has a mean ments for service leadership 
of 100 and a standard deviation of 15. The executive In Figure 4, reviewing the intelligence quotients as 
population of the XYZ Gas Company has a mean of they relate to men, considering age and salary, we 
122 and a standard deviation of 10. Both these curves note that the young ‘‘stars,’” those men under 42 
are normally distributed. It is interesting to note that making $9,000 or more a year, fall above 115 1.Q. In 
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Test I Test II Test Il Test \ 
General Information Arithmetic Judgment in Estimating Reading Comprehension Vocabulary 


EJ Over 42 yrs. of age, salary over $9,000/yr tt Over 42 yrs. of age, salary less than $9,00 
ioe Under 42 yrs. of age, salary over $9,000 /yr ae | Under 42 yrs. of age, salary léss than $9 


Figure 5. Aptitude vs. age and salary. 
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ATLAS COLORS 


FOR EVERY PURPOSE 


FOaC RED 


‘CERTIFIED 
hea AMARANTH! 


PERCENT PURE OVE 
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NON-SEPARATING TYPE CERTIFIED COLOR GRANULES 
cs Powdered Certified Colors ATLAS CERTIFIED COLORS Non-Dusting Type 
(Powdered) 
100% BASIC COLOR BLENDS Glandavd Nisin, ond with ninimam dating 
that dissolve as a single color 
fe AO3 Wo aes . Thus the possibility of contaminating 
oF none other products is lessened. 
BASIC COLORS 
R GELATINE DESSERTS HERCULES 100% Available in the Following 
i DRY DRINK POWDERS BASIC COLOR BLENDS BASIC COLORS 
: ond other types SECONDARY SHADES 
DESSERTS and PUDDINGS FD&C RED #1 
“\ ATLENE Butterscotch Brown many “Custom Made” blends FD&C RED #3 
to meet individual requirements. 
ATLENE Cacao Brown 
(Chocolate Shade) be RED #4 
y ATLENE Grape Shade FD&C YELLOW #5 
SELF-MEASURING 
COLOR CUBES FD&C YELLOW #6 
y ATLENE L & Lime Shade 
PASTE COLORS FD&C BLUE #1 
ATLENE Raspberry Shade 
Miles LIQUID COLORS FD&C VIOLET #1 
x: ATLENE Medium Yellow P.G. COLORS 
3 (Egg Shade) for Summer Coatings and Fillings 
: All other Basic Colors 
abso manufactured in powdered form. 
suit the individual needs. \ vice 
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161 AVENUE OF THE AMERICAS, NEW YORK 13 
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fact, all exeept 1 fall at 120 or above. It should also 
be noted that only 15 out of 60 of the men over 40 
making salaries of $9,000 fall below 115. Undoubtedly, 
superior intelligence is an advantage if not always a 
basie requirement for suceessful achievement in in- 
dustry. 

To illustrate just 1 aptitude test, we have shown on 
Figure 5 the XYZ Gas Company’s results in 5 tests 
of the Cleeton Mason Voeational Aptitude Examina- 
tion. The standards exhibited here are those estab- 
lished through our own research of 1,500 executives. 
They are different—more difficult than the standards 
of college populations. It will be noted that despite 
some scattered exceptions the achievement of our 
young ‘‘star’’ group, in factors found to be critical 
for effective executive functioning, is as good or bet- 
ter than the average achievement of the executive 
population. They are generally well informed, have 
good computational skills, effective basie verbal facil- 
itv, and they can make sound, swift practical judg- 
ments. Primarily in the latter, do some of them need 
further development. 


In summary, this shows what we have thought to be 
true a long time: 


a. That executives are smarter than the general 
popula more alert to their environment, and 


make be - use of their capabilities ; 


b. That age and salary seem to be related; and 


ce. That the young smart individuals receive finan- 
cial rewards more quickly. 


These and 24 others can differentiate those people 
who have the basic talents and abilities that ‘‘make 
or break’’ the getting the chance to try out for the 
team. In boxing parlays, these are the fellows that 
make the weight and have a natural talent to be con- 
‘tenders. Then comes the training and the contests 
with the resulting performance appraisal. This per- 
formance appraisal is based on the man’s ability to 
produce the proper end result—his accountability to 
win. The man produces a record—his performance 
record against rated competition—and the time comes 
to put him in the ‘‘big time.’’ 


We now come to the second question : 


WHAT “MAKES OR BREAKS” A SUCCESSFUL MAN 
FROM ADVANCING AND THEN MAINTAINING 
LEADERSHIP IN SPECIFIC JOBS 


All the fellows 
that get up to the level of achievement are good—they 
all have ‘‘eut the mustard”’ 
are asking, ‘‘what makes the difference between a Joe 
Lewis and a Max Schmelling, a General Lee and a 
General MeClellan, the New York Yankees and the 
rest of the American League?’’ Our researeh in this 
area has demonstrated the following 5 factors that 


This was a tough problem for us. 


in tough campaigns. We 


differentiate a suecessful executive from the unsue 
cessful or medioere, remembering that the unsuecess- 
ful or mediocre are unsuccessful and medioere only in 


top flight championship contests. If we were to dif 
ferentiate here between cars, we might say that the 
performance of 2 ears is equal up to 70 miles an 
hour, but at speeds in excess of 70 miles an hour, one 
car continues to, perform efficiently and effectively 
while the other car might shimmy, shake, and even- 
tually break down. The 5 factors are as follows: 


1. The suecessful executive understands and has 
the capacity for his own survival. He is like the 
cat that has 9 lives and always lands on his feet. 
He may lose the battles but always wins the war. 


~ 


2. The suecessful executive has a deep conviction 
concerning his own ability and indeed an ex- 
pectation that he can gain acceptance with any- 
one. He thinks more about human relations than 
the run-of-the-mill executive 


3. His attitude is one of a feeling of independence. 
He accepts himself. He is sure. He delegates, 


but controls. He never gives away anything. 

4. He has a readiness to exert himself to the ulti 
mate if the exertion will result in reaching the 
goal. 

5. He is a little ham 
things of life 


an actor, and likes the good 


HOW CAN YOU GET THE MOST OUT OF YOUR 
TALENTS IN YOUR COMPANY 


The following 6 suggestions are not in any specific 


‘der, but all seem to be equally important : 


1. Know your accountability; know how your job 
supports the accountability of other jobs. Know 
the accountabilities of the job or jobs you aspire 


to. 


2. Know yourself. Know what abilities and skills 
you have. 


3. Tie your natural abilities into the job aecount 
abilities and see what risks are involved. What 
are the odds tor vou lo accomplish the end re 
sults of the job that you have or the job that you 
aspire to. Recognize the old adage that vou only 
get what you pay for, and you are surely going 


to pay in some way or another in the top jobs. 


t, Set up a definite schedule of development plans 
for yourself. Set these up against the accounta 
bilities of the job vou have or the job to which 


\ ou aspire 


5. Development is best done on-the-job, but investi 
vate the existing outside educational facilities 


6. Rate your performance against the **makes or 


breaks’’ of your job and keep a track record 

We have found working with over 200 clients that 
companies that suggest this approach and people that 
follow this approach get mutual benefit of having the 
company achieve the end results for which it is set up 
and for the individuals to share in the rewards of the 
joint accomplishments 
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Myvax 


Wiamia 


Fast—This is how food processors with 

whom we do business like their vitamin A to be supplied. 

We do our best to accommodate them. This sometimes entails 
a missed dinner or a short weekend, which is all right with us. 

It’s all right because vitamin A is the mainstay of our busi- 
ness. Has been for more than 20 years, and we spend a lot of 
time thinking about it. Much of the thinking nowadays is 
pointed toward helping you keep your vitamin A inventories 
thriftily low 

You turn this trick by getting our Myvax® Vitamin A Acetate 
or Palmitate in premeasured cans that come to you as you need 
them—fast. We've developed a fair degree of agility, too, with 
Myvax Dry Vitamin A Palmitate. You fire the starting gun by 
writing Distillation Products Industries, Rochester 3, N. Y 
Sales offices: New York and Chicago « W. M. Gillies, Inc., 
West Coast ¢ Charles Albert Smith Limited, Montreal and 
Toronto. 


leaders in research and 
production of vitamin A 


Distillation Products Industries 
is o division of Eastman Kodak Company 


16 


FOOD TECHNOLOGY, FEBRUARY, 1959 


Fifty-fourth Meeting of the 
Food and Nutrition Board 


B. E. Proctor 


IFT Reoresen at v- 


The Food and Nutrition Board met in the NAS 
NRC building, October 31-November 1, 1958, with Dr 
Grace A. Goldsmith, Chairman of the Board, pre 
siding. In addition to members and liaison representa 
tives, the Board was host to members of the U.S. 
National Committee for the International Union of 
Nutritional Sciences and the Organizing Committee 
for the Fifth International Congress on Nutrition. The 
Congress will be held in Washington, September 1-7, 
1960. Dr. C. Glen King is President of the Congress 
and Dr. Paul Gyérgy is Chairman of the Organizing 
Committee. 

Dr. W. H. Sebrell, Jr.. Chairman of the Board’s 
Committee on Protein Malnutrition, reported on the 
results of a $250,000 research program on developmeut 
of protein foods in food-deficient countries. This pro 
gram, with funds provided by the Rockefeller Founda 
tion, was coordinated with international programs of 
UNICEF, FAO, and WHO. 

The Board also previewed and approved for publi 
cation report entitled Evaluation of Protein 
Nutrition with Emphasis on Amino Acid Proportional! 
ities,’’ prepared by the Committee on Amino Acids 
under the Chairmanship of Dr. James B. Allison. This 
report presents a comprehensive background for criti 
cal consideration of the addition of specific amino acids 
to cereal foods for improvement of protein quality 

A group from the National Institute of Dental 
esearch of the National Institutes of Health under 
the leadership of Dr. S. J. Kreshover prevailed upon 
the Board for counsel in a proposed study of dietary 
phosphates and dental caries to be conducted in co 
operation with the Bureau of Indian Affairs, Health, 
Service. 

Dr. William J. Darby apprised the Board of the 
extensive work of the Food Protection Committee with 
reference to the 1958 amendment to the Federal Food 
Drug and Cosmetic Act. A report of the Committee 
entitled ‘*‘Food Packaging Materials—Their Com 
position and Uses,’* was approved for publication. 

A new committee of the Board has been organized 
under the chairmanship of Dr. Robert L. Jackson to 
reconcile some of the conflicts of opinion on infant 
nutrition. 

With the publication of the 1958 Recommended 
Dietary Allowances, the Committee Chairman, Dr. 
Robert E. Shank, was released, and a new Committee 
on Dietary Allowances, with Dr. Wendell TH. Griffith 
as Chairman, was nomimated to look ahead to the 
next edition. 

From liaison representatives and guests the Board 
was advised of : 
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Cake drama in three acts, 


Curtain raiser Here is a rather thick but 
pourable batter with a very slight curdle. 
Below it, a peek into the live batter, 
one hundred times actual size, reveals 
a wide distribution of air bubble sizes 
Nor all the fat has been used up in 
making bubble walls. Darker areas of re- 
serve fat are scen by the naked eye as 
curdle. Then, as the relatively weak- 
walled bubbles gently break during bak- 
ing, the fat assumes its second role of 
coating the frame- 
work. First-act climax: a good cake. Ex- 
cellent volume, fine and even grain, thin 


gluten-and-starch 


cell walls, whiteness. 


starring the emulsifier 


Plot thickens It's the same formula 
otherwise, but emulsifiers have been 
chosen to make a very smooth, very thick 
batter. In the photomicrograph you see 
why there's no curdle: all the fat has been 
used in making big, thick bubble walls 
You also see why the batter is so viscous 
the big bubbles get in cach other's way 
Here, alas, the emulsifier builds too much 
strength into the bubble walls. Suspense 
By the time the bubbles finally do break, 
considerable gas pressure has built up 
The sudden release of energy shatters the 
still tender skeletal structure. Tragedy! 


Anticlimax Now we have swung off 
to another extreme, using in the same 
formula emulsifiers that produce a very 
smooth and very thin batter. Note the 
small, uniform bubbles floating in a sea 
of liquid. (There's your low viscosity. 
Note the fat all used up in making the 
No curdle.) Finale: in 
the oven, sudden energy release produces 


the same collapse as in Act II, with thick 


bubbles strong 


cell walls and open grain 

Program note: The offstage voice advanc- 
ing hypotheses about bubble strength is 
that of one batter theoretician among 
many. He has never been inside a cake 


in the oven 


made from natural fats and oils 


EPILOGUE: Texture, both of the batter and of the cake, 
depends on the emulsifier. With Myverol® Distilled Mono- 
glycerides, the texture is subject to practical engineering 
control, regardless of the fine points of underlying theory. 
Such control is both possible and economical because we, 
in our own production, have the precise control that 


distillers of monoglycerides 


comes from segregating fats as vapors Interested in what 
we can do for you with this unique power? For particu- 
lars, write Distillation Products Industries, Rochester 3, 
N. Y. Sales offices: New York and Chicago ¢ W. M. 
Gillies, Inc., West Coast ¢ Charles Albert Smith Limited, 
Montreal and Toronto 


Also ... vitamin A in bulk 
for foods 


ond pharmaceuticals 


Distillation Products Industries is « division o Eastman Kodak Company 
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The work of the Interdepartmental Committee on 


Nutrition for National Defense by Dr. Arnold E. 


Schaefer; the work of the Canadian Couneil on Nu- 
trition by Dr. E. W. McHenry; the work of the Council 
on Foods and Nutrition of the American Medical Asso- 
ciation by Dr. Philip L. White; the work of the Insti- 
tute for Scientific Research in Central Africa by Dr. 
Louis Van Den Berghe. 

At its dinner meeting the Board was addressed on 
the subject, ‘*The S in UNESCO” by Dr. Raymond 
L.. Zwemer, Office of the Science Adviser, Department 
of State. 


INDUSTRY NEWS 


Development in research quantities of a new type 
of corn amylomaize, with extraordinary possibilities 
in the produetion of new types of starches with appli- 
cation in many industries, and of economic benefit to 
the nation’s corn growers, was announced recently by 
the National Starch Products Ine., and American 
Maize-Products Company, co-venturers in the project. 
At a news conference in Chicago, the chief executive 
officers and research directors of the companies said 
that the project, in being since 1953 with Bear Hybrid 
Corn Company, Decatur, Illinois, and the U. S. 
Department of Agriculture Northern Research Lab- 
oratory, Peoria, Illinois, is a dramatic demonstration 
of cooperative investigation and research between 
private enterprise and government. 

They said that new avenues of research now being 
explored may be regarded as a scientific break-through 
of economic importance to corn growers, industries 
which will be able to improve present products and 


FLI-FDA Food Additives Conference. About 500 
representatives of food and chemical companies at- 
tended a conference held in Washington, November 
24-25, under the joint sponsorship of the Food Law 
Institute and the Food and Drug Administration. 
Proposed regulations for administering the new Food 
Additives Amendment of 1958 were the principal 
topic for discussion together with reviews of several 
facets to the scientifie problems in this field. The com- 
plete proceedings of this meeting, including both 
formal presentations and discussions, are to be pub- 
lished in a forthcoming issue of the ‘* Food, Drug, and 
Cosmetic Law Journal.”’ 

Food Additives Regulations. Proposed definitions 
and procedural and interpretative regulations with re- 
spect to food additives have been published in the 
Federal Register of December 9, 1958, pages 9511- 
9517. Single copies of these regulations may be ob- 
tained at 15 cents per copy from the Superintendent 
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Recent Events of Interest with Regard to Food Additives 


develop new ones through the chemical processing of 

starch from the new type of corn, and the ultimate 

corn requirements and sales volumes of American 

Maize-Produects and National Starch Products. 
President Theodore Sander, Jr., and Research 

Director James W. Evans of American Maize, and 

Chairman Frank K. Greenwall and Vice President 

Research C. G. Caldwell of National Starch, said that 

preliminary research estimates of application of ap 

plication of starch manufactured from the new corn, 
amylomaize, indicate the following possibilities in the 
near future. 

1. Use in water soluble transparent film wrapping 
material for frozen foods, meats and other edible 
products as an advance in ‘‘built-in-maid service.’’ 
Thus the housewife will be able to cook her meals 
without removing the wrappings, since the amylo 
maize wrapping materials will dissolve in the uten 
sils as the contents are cooked. Since the film is 
made from corn, it becomes completely digestible 
when dissolved. 

2. Use as a packaging material for water-dispersible 

products such as detergents, dyes, insecticides and 

industrial chemicals as replacement for the more 
expensive water-soluble synthetic films now used. 


Use in non-water-soluble types for the coating and 
surface treatment of paper and paper products. 
Looking into the research and product crystal ball, 
the executives of the corn refining companies said 
there are other fascinating opportunities which it is 
believed intensive independent laboratory activity by 
the two companies may bring about. 


of Documents, Washington, D. C. These regulations 
include a preliminary list of 118 additives regarded 
as safe for food use. This list is not necessarily com 
plete and does not include flavors. 

Food Protection Committe. The annual meeting of 
the Food Protection Committee and its liaison panels 
was held in Washington, December 11 and 12. The 
first portion of the meeting was devoted to a sym 
posium on the food additive aspects to packaging 
materials. These proceedings will not be published. 

At the annual business meeting, Dr. L. B. Parsons 
of Lever Bros. was elected chairman of the Industry 
Committee. Other members for the coming year in 
clude O. E. May, W. M. Cox, R. L. Hall, L. H. Burt, 
N. D. Embree, and E. J. Matson. 

Two new reports have been prepared by the Food 
Protection Committee, Food Packaging Materials 
Their Composition and Uses’? and ‘‘The Safety of 


(Continued on page 20 following technical section 


ie . 

ya 
4 


Post Mortem Aging of Poultry Meat and its Effect 
on the Tenderness of the Breast Muscles: 


Manuscript received June 21, 1958 


| AN AGE OF EVER INCREASING 
automation and efficiency in the poultry processing 
indust ry one of the problems is still that of providing 
the consumer with poultry meat of satisfactory ten- 
derness. When poultry is packed either in ice or at 
refrigerated temperatures for shipment, the tender- 
ness problem is of little significance because meat 
tenderizes due to aging at these temperatures How- 
ever, when poultry meat is frozen in the processing 
plant, lack of tenderness due to insufficient aging may 
become important. That meat does not age when 
frozen at low temperatures is an established fact. 
Koonz, Darrow, and Essary (4) found that freezing 
meat during the period of rigor apparently fixed the 
level of tenderness present in the meat. Klose, Pool, 
Wiele, and de Fremery (3) found that frozen fryers 
and roasters fried without prior thawing required 
about 12 hours aging before freezing for optimum 
tenderization, and that prolonged periods of frozen 
storage had no appreciable tenderizing effect on in- 
adequately aged birds. 

Lowe (5) states that if poultry meat is placed in 
the oven before rigor has an opportunity to develop 
the resulting cooked product is much more tender 
than if rigor had been allowed to develop, but if rigor 
develops during cooking the muscles are extremely 
tough and the carcass of the bird is somewhat twisted 
and drawn. Hanson ef al. (1) pointed out that even 
by placing the meat in the oven only 6 minutes after 
killing rigor developed during cooking. 

Klose, Hanson, Pool, and Lineweaver (2) reported 
that with turkeys most tenderization takes place dur 
ing the first 6 hours, less in 6 to 12 hours, and less 
from 12 to 24 hours after slaughter. 
degree of tenderization in intermediate periods was 


However, the 


found to be highly variable. Also they point out that 
holding at chill temperature after thawing produced 
tenderization as effectively as holding in slush ice 
after evisceration and before freezing. 

The work reported in this paper was designed to 
establish what differences in tenderness could be pro- 
duced by post-mortem aging at various temperatures, 
times, and aging media. Turkeys and chickens of two 
ages were used in the 5 experiments. 


EXPERIMENTAL 


Methods and procedure. The research was divided into 
two parts involving a total of 5 experiments. Although each 
experiment was different, the basie techniques and methods 


used were as uniform as possible throughout. 


* Presented at the I8th Annual Meeting of the Institute of 
Food Technologists, Chicago, IL, May 28, 1958. 

"Journal paper No, 1295 of the Purdue Agricultural Experi 
ment Station. 


J. W. Dodge and W. J. Stadelman 


Poultry Science Department, Purdue 
University, Lafayette, Indiana 


Birds were shackled by both feet and slaughtered by cutting 
the earotid arteries on the right side of the neek. Care was 
tuken that the wind pipe of the bird not be cut as this would 
increase struggling and shock. After death the birds were im 
mersed in 53.4 C. water for 80 seconds, then subjected to a 
free-style automatic picker for 60 seconds. During the picking 
operation cold t ip Water Was sprayed over the carcasses. 
Groups of 20 chickens, or 4 turkeys, were picked at one time. 
Immediately after picking the birds were eviseerated. Care was 
taken that no major body muscles be cut. The breasts of the 
turkeys were removed prior to cooking without cutting the 
breast muscles. All the meat was cooked in a reel type oven, 
The fryer chickens (10 weeks old} were roasted for 2 hours at 
162.8 C., the roaster chickens 14 weeks old) for 2 hours at 
168.4 C., and the turkey breasts for 3 hours at 162.8° C. All 
meat was roasted in aluminum pans and was covered with a 
one-sheet wrap of 0.0015-inch aluminum foil. After cooking 
th meat was allowed to cool for 20 minutes before sampling, 
Care was exereised to minimize dehydration. Each sample was 
cut from the etors musele. The sample was eut 
6.6 em. long, 2. wide, and ranged from .75 to 1.26 em, 
thick. In all cases where trimming was necessary to obtain the 
maximum thickness, s done on the inside of the musele. 
All samples were cut rom approximately the same position in 
the muscle in an attempt to eliminate variations caused by 


bundling and conne tissue. Samples were subjected to as 
little air as possible between cutting and testing and the ear 
cuss Was. continually covered with the aluminum foil exeept 
when cutting was being done. Samples were cut from both the 
right and left breast muscle, each sample being treated as one 
observation. Tenderness measurement was made on the Kramer 
shear press. Each sample was weighed to one-tenth of a gram 


ind placed in the testi eell which had been dampened by tap 
water, The pressure in pounds per square inch per gram of 
s imple required to ir the sample was the tenderness seore, 
All data were analyzed fo significance bw the analysis of vari 


nee complete block sign 


Part I: Effects of aging media on post-mortem teaderization. 

Experiment 1. Forty eight 14-week-old turkeys and forty 
eight 14-week-old chicket ere obtained from the Purdue 
farm. In each of two rep vs und 12 chickens were 
iged in a walk-in cool it 3 ; ‘ ( relative humidity, 
ising either circulates ir or ¢ s median. The ozone was 
produced by ! me type ge raitor running at full ea 
paucity coole! were placed in the cooler 
immediately at evisceratic and were aged for 2, 5, and 8 
hours. At each t 


d testing 
an esting 


removed for cooking 


Experiment 2. l4-week-old chickens were used 


in this experiment replications 12. carcasses 
were aged in a walk-it woler, ( ind humidity, 
ind 12 curensses wet real inh oW: ri i2.6 C. fer &, o 
S hours. At each time removed from each 


media for cooking a1 


Part II: Temperature. 


Experiment 3. [1 


chickens were divided o two replications. In each replieation 


experiment forty eight) 14-week-old 
12 carcasses were age relative humidity, 
and 12 carcesses were ged ‘ir relative 
humidity Four eare were removed after 2, 5, or 8 hours 
of uging for cooking 
Experiment 4. Seve l4-week-old chi kens were used 
in this experiment In ach f two replications 12 careasses 


were aged - i wate! were uged in 12.8) C, 


| 
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water, and 12 were aged in 22° C, water for 2, 5, or 8 hours. 
At each time interval four careasses were removed from each 
medium for testing purposes, 

Experiment 5. ‘T'wo-hundred and forty 10-week-old chickens 
were used, In each of three replications 20 carcasses each were 
aged in water at 0, 7.2, 12.8, and 22.2" C. for 0, 2, 4, 6, or 8 
hours. At each time interval 4 carcasses were removed from 
each medium for testing. The carcasses aged for 0 hours were 
placed in the oven immediately after eviseeration. 


RESULTS 


Part I: Media and time. 


Experiment 1. Within the limits of this experiment it was 
found the media (air and ozone) produced no signifieant differ 
enee in the tenderness of either chickens or turkeys at the 2, 
5, and 8 hour intervals. There was a significant difference 
(P<.05) between the tenderness scores of turkeys and chickens 
at the given time intervals (figure 1). Most of the aging in 
chicken meat took place between 2 and 5 hours and turkey meat 
was less tender ( 5 hours than at either 2 or 8 hours. It would 
seem that two fuetors could explain this. First, the pattern of 
rigor, and seeond, the faetor of dehydration which must be 


considered when cooling in cireulated air. 


Figure 1. Graphic chart based on averages of raw data of 
experiment 1 in which chickens and turkeys were aged in air 
and ozone at 3.9° C. for 2, 5 and 8 hours and tested for tender- 


ness. 


Experiment 2. In this experiment the difference in tender 
ness seores between careasses aged in water and those aged in 
air at 12.8 C. was found to be highly signifieant (P<.01), 
with the water having the greater tenderizing effect. Beeause 
of the difference in tenderness seores at 2, 5, and 8 hours, 
time of aging was also found to be a highly signifieant 
(P<.O1) faetor. 


Part II: Temperature and time. 

Experiment 3. Results of experiment % indicate that in ex 
plaining variations in tenderness scores after aging for 2, 5, 
and & hours at 12.8° C. and 3.9° C, in air neither time nor tem 
perature were significant factors. However, the interaetion 
between time and temperature is indicated to be significant 
(P<.05). In figure 3 it may be noticed that, using the 12.8" C. 
air as a medium, there is an appreciable decrease in the ten 
derness of the meat between 5 and 8 hours, whieh might very 
well be caused by either the rigor pattern or the dehydration 
of the meat at this temperature. 

Experiment 4. Results of this experiment indicate that in 
explaining the variance in tenderness seores both time and 
temperature are highly significant (P<.01) factors. Data of 
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Aeine Tire in Hours 


Figure 2. Graphic chart based on averages of raw data from 
experiment 2 in which chickens were aged in 12.8° C. air and 
water for 2, 5 and 8 hours and tested for tenderness. 
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Aging Time in Hours 


Figure 3. Graphic chart based on averages of raw data of 
experiment 3 in which chickens were aged for 2, 5 and 8 hours 
in air at 3.9° C. and 12.8° C. and tested for tenderness. 


figure 4 indicate that the temperature of the aging media was 
quite influential in the level of tenderness at given times. 


Experiment 5. In figure 5 it will be noticed that at the zero 
time period the variation between the highest and the lowest 
tenderness scores ranges over nine units. Theoretically these 
values should be identical, but at the zero time period any vari 
ation in time between slaughter and cooking appears to be 
very critical; consequently, the variation in values may simply 
be due to slight variations in this factor. The results indicate 
that both time and temperature are highly signifieant (P<.01 
factors in explaining differences in the tenderness values 
obtained. 


DISCUSSION 


Results of the experiments indicate that within the 
limits of this study several factors may be responsible 
for variations in tenderness scores during the post- 
mortem aging of poultry meat. Time of aging, the 
class of poultry, temperature of aging, and the media 
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Three FMC Steam Peelers prepare a variety of fruits and vege- 
tables for baby foods at Beech Nut's San Jose, California plant. 


LOOSENS FRUIT AND VEGETABLE SKINS FAST WITH 
MINIMUM HEAT PENETRATION TO THE PRODUCT 


No harsh chemical solutions used with this equip- 
ment! Products are simply exposed to steam under 
pressure (up to 120 P.S.I.G.), and in a matter of 
seconds even the toughest skins are uniformly 
loosened, making skin elimination easy, fast and 
thorough. There’s no damage to the tender sub- 
surface nutritional layers of the product, no ex- 
cessive product waste. 

Built for various capacity requirements up to 
10 tons per hour, the FMC Steam Peeler increases 


Putting 


/deas to 


yield by 7% to 10% or more, at the same time 
doing away with the high cost and disposal prob- 
lems associated with chemical peeling. Such fruits 
and vegetables as pears, peaches, apples, carrots, 
beets and potatoes are gently and efficiently proc- 
essed in continuous, automatic operation. 

Full information is contained in our “Steam 
Peeler Facts” Bulletin, Volume 5, No. 2. Write 
for your copy today, or call your nearest FMC 
representative. 
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FOOD MACHINERY AND CHEMICAL CORPORATION 
Canning Machinery Division 


General Sales Offices: 


CORPORATION ® 


WESTERM: SAN JOSE, CALIF. « EASTERN: HOOPESTON, ILL. 
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protect foods 
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_..tlissolves fast in water 


@ The ready solubility of new Sorbistat-K (potassium sor- 
hate, Pfizer) affords you new ease in the protection of a 
wide variety of foods from mold and yeast spoilage. You 
can prepare up to 40% solutions of Sorbistat-K in water 
without difficulty. 

Both Sorbistat-K and Sorbistat (the acid form) are effec- 
tive growth inhibitors for many yeasts and molds which 
cause spoilage in cheese and cheese products, pickles, fish, 


prepared gelatin fruit salads, potato salads, chocolate 
syrups, pies, cake, and fruit cake. 

It is important to note that Sorbistat-K selectively in- 
hibits molds and yeasts, without interfering with normal 
microbiological curing of cheeses. 

Test the ease of use and effective protection of new 
Sorbistat-K for yourself. Send for a free sample and tech- 
nical information —just clip and mail the coupon below. 


Chas. Pfizer & Co., Inc., Chemical Sales Division 
630 Flushing Avenue, Brooklyn 6, N.Y. 


Branch Offices: Clifton, N. J.; Chicago, IIl.; San Francisco, Calif.; Vernon, Calif.; 


Please send me free sample of new SORBISTAT-K along with 


technical information. 


NAME 


Atlanta, Ga.; Dallas, Tex. 


TITLE 


COMPANY 


ADDRESS 


CITY STATE 


with 

a 
Pfizer 
828 


TENDERNESS OF POULTRY MEAT 


Aging Time in Hours 


Figure 4. Graphic chart based on averages of raw data of 
experiment 4 in which chickens were aged in water at 0, 12.8, 
and 22.2° C. for 2, 5, and 8 hours before testing for tenderness. 


* Tire in Hours 


Figure 5. Graphic chart based on averages of raw data of 
experiment 5 in which 10-week-old chickens were aged in 0, 
7.2, 12.8 and 22.2° C. water for 0, 2, 4, 6 and 8 hours before 
testing for tenderness. 


in which the carcasses are aged are all seemingly im- 
portant. The class of the birds appears to be closely 
related to the pattern of rigor, whereas the time of 
aging, and the media in which the carcasses are aged 


appear to be more closely associated with the actual 


level of these patterns. The temperature of the aging 
media appears to affect both the pattern of rigor and 
the level of tenderness at a given time, which can be 
observed by using water as the aging media. 

It was noticed in the preliminary parts of this study 
when carcasses were being hung by the left wing in 
the walk-in cooler that even after extensive aging the 
left side of the breast was considerably less tender 
than the right side. It was felt that this was caused 
either by aging the meat in a relatively stretched posi- 


tion, or because some of the tissue fluids could have 
been pressed out. 

The amount of water in the tissue appears to have 
a profound effect on the tenderness of the meat. From 
observations made it is felt that the effect of a lack of 
moisture or juiciness will be exerted on the ease with 
which any mechanical device will be able to shear 
through the meat. Further research in this area is 
being conducted. The time interval of the bleeding 
period was also observed to be influential on many 
oecasions. If a bird was not completely bled before 
scalding, thus causing it to die either by shock or 
drowning in the scalding tank, it passed very rapidly 
into a rather extensive state of rigor. 


Sampling, as might be expected, appears to be ex- 
tremely important. The effect of dehydration on the 
cooked sample before testing is pronounced, as was 
shown in the early parts of the test when the second of 
two samples from any bird was found to be consider- 
ably less tender than the first sample tested. This was 
overcome by care in maintaining a cover of foil over 
the sample before testing and uniform cooling times 
for all samples between cooking and testing. 


SUMMARY 


The study, involving a total of 456 chickens and 48 
turkeys, was divided into two main parts and sub- 
divided into five experiments. The experiments were 
designed to measure the effects of different tempera- 
tures, media, classes of poultry, age of poultry, and 
time of aging on post-mortem tenderness of poultry 
meat. 

Fourteen-week-old chickens and turkeys, and_ ten- 
week-old chickens were obtained from the Purdue 
Experimental Farm where they had been grown under 
controlled conditions Before testing, all birds were 
slaughtered, picked, and eviscerated, using carefully 
controlled commonly accepted techniques. Carcasses 
were aged in air, water or high concentrations of ozone 
at given temperatures for designated time periods 
after death. After aging, the carcasses were wrapped 
in aluminum foil and roasted in a reel-type oven. The 
cooked meat was cooled for 20 minutes when uniform 
samples were cut from each side of the breast, weighed 
and tested for tenderness on the Kramer shear press. 


Within the limits of this study the following results 
and conelusions were obtained. The age of birds 
slaughtered, the time of aging, the class of poultry, the 
temperature of aging and the media in which the car 
casses were aged all appeared to be important factors 
in post-mortem tenderization. The class of poultry 
appeared to be more closely related to the actual pat 
tern of rigor, whereas the time of aging and the me 
dium appear to be more closely related to the level of 
tenderness within the rigor pattern. The temperature 
of the aging medium appears to affect the pattern of 
rigor and the level of tenderness at a given time post 
mortem, Techniques in processing, sampling, and 
testing are very significant factors in the study of 


tenderness. 
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Taste Thresholds for Sodium Benzoate and 
Sodium Sorbate in Apple Cider: 


Manuscript received July 2, 1958 


Preservine FRESH FRUIT JUICES 
from microbial spoilage is a problem of long standing. 
Chemical preservatives provide the simplest method 
of accomplishing this purpose, but they must be used 
with caution because of the danger of adverse physio- 
logical effects and the problem of off-flavors. Sodium 
benzoate has been used for many years in preserving 
apple cider, and is generally accepted as a safe pre- 
servative for this purpose. It is, however, subject to 
the disadvantage that when added in the usual con- 
centration (0.10% ) it imparts a burning after-taste 
which many persons find objectionable. 

Recent experiments (/, 4) have shown that sorbic 
acid and its sodium salt are useful in the preservation 
of cider from the action of yeasts and molds, and may 
be substituted for sodium benzoate in comparable 
amounts. Whether or not it was equally subject to 
objections on the basis of taste was not definitely 
known. Ferguson and Powrie (/) state only that sor- 
bie acid in concentrations up to 0.035% could not be 
detected by a taste panel. It was felt that a definite 
comparison of the taste of sodium benzoate and sodium 
sorbate should be made, based on both trained panel 
and consumer panel methods. 


EXPERIMENTAL 


The cider used in these experiments was obtained from a 
commercial cider plant. The apples were pressed and the juice 


* Presented at the 18th Annual Meeting of the Institute of 
Food Technologists, Chicago, Lilinois, May 27, 1958. 
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Agricultural Research Service, United States Department of 
Agriculture. 
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Was treated with 4; pound of Pectinol 5B*° per 100 gallons and 
allowed to stand and settle at 40° F. for 48 hours before bot 
tling. The cider was then frozen in the bottles and kept in 
frozen storage until ready for use. 

The sodium benzoate used was a U.S.P. grade (Baker’s).' 


The sodium sorbate was prepared as a 259% solution by dissoly 
ing sorbie acid (Carbide and Carbon Chemicals Company) in 
sodium hydroxide solution and adjusting to pH 8.0. Sinee the 
addition of sodium benzoate or sodium sorbate to cider causes 
a slight increase in pH, the control samples were adjusted to 
the same pH by the addition of sodium hydroxide solution in 
order to eliminate any difference in taste due to differences 


in pH. 
TESTS WITH TRAINED PANEL 


These tests were carried out in a darkened room, illuminated 
only by a 25-watt red bulb. All samples were tasted at room 
temperature, A panel of 27 members was chosen in order to 
have 20 available for each test. Panel members were trained 
to recognize the tastes of sodium benzoate and sodium sorbate 
in cider, and were then given several preliminary tests at rela 
tively high concentrations. To determine threshold levels, tri 
angle tests were used, the comparisons being made between 
cider containing preservative at a given level and a control 
containing no preservative. Panel members were told which 
preservative was present but not the concentration. Each tri 
angle consisted of one treated and two untreated samples or 
one untreated and two treated samples, half of the triangles 
being made up in each way. The tasters were asked to record 
the code letter of the odd sample and to state whether or not it 
was the one with the preservative or without. In this way, the 
probability of obtaining a correct answer by chance was only 
one in six. Twenty judgments were obtained in each test. Under 
these conditions, 7 correct answers are required for significance 
ut the 5% level, and nine for signifieanee at the 1% level (3). 

The threshold concentration was determined by beginning 
the tests at a relatively high concentration (0.10% in both 


“Mention of trade names or products does not constitute 
recommendation by the U. S. Department of Agriculture over 
similar produets not mentioned. 
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TASTE THRESHOLDS FOR SODIUM BENZOATE AND SODIUM SORBATE 


TABLE 1 
Taste comparisons of preservative-treated cider with untreated cider. Triangle test—probability 1 in 6. 


Preservative 


Sodium Benzoat« Sodium Sorbate 


Concentratior Concentration 


Total number of judgments 
Number of correct answers 
Significance 


Not significant 


euses), at which the difference in taste was obvious, and then brand of sodium benzoate. 
reducing the concentration until the number of correct answers to pick the odd sample 
was not significant. Table 1 indicates that sodium benzoate was worse than the other 


In each test, the tasters were asked 

ind to state whether it tasted better or 
two. The results are shown in Table 3. 
detected at 0.03%, but not at 0.02%. Sodium sorbate was de Since it was required not only to choose the odd sample, but to 
tected at 0.05%, but not at 0.04%. In order to make the results give a preference as well, total of 8 choices in favor of one 
more widely applicable, tests were run in a similar manner on brand or the other would be 
a different sample of cider prepared later in the season and Inasmuch as such a preference 
differing considerably in total solids and acidity. comparisons, it 


required for signifieanee (2). 
Was not shown in any of the 
may be concluded that none of the 6 additional 
Results, shown in Table 2, indicate that sodium benzoate was brands tested was significantly superior or inferior in taste to 
detected at 0.040 °, but not at 0.03%, and that sodium sorbate the brand originally used. 
was detected at 0.059%, but not at 0.04%. We may thus con 
clude that the taste threshold of the trained panel for sodium 
benzoate in cider was 0.04% and that of sodium sorbate 0.05%. 


CONSUMER PREFERENCE TESTS 


The next step in the experiment was to determine whether The results of tests by a trained panel in regard to preserva 
there is a detectable qualitative difference between the tastes tives in cider are of scientific interest and perhaps of some 
of sodium benzoate and sodium sorbate in cider. For this pur value for practical guidance. However, they do not necessarily 
pose, a sample containing 0.04% sodium benzoate was com refleet accurately the reactions of the cider-drinking public. 
pared with one containing 0.05% sodium sorbate, sinee these In order to secure information of more practical usefulness, it 
levels were approximately equivalent with respect to the ability Was hecessary to carry out tests of the consumer-preference 
of the panel to detect their presence. These samples were pre type. These tests were of the paired-comparison type; 100 
sented as triangles as in the previous tests. The tasters were judgments were obtained in each test. The panel consisted of 
asked to pick the odd sample and to identify it by stating whieh employees of the Eastern Regional Research Laboratory, and 
preservative it contained, Only 3 out of 20 tasters gave cor included both seientific and non-scientific personnel. Members 
reet identifications, indicating that at these levels the taste of of the trained panel were excluded from participation in the 
sodium sorbate cannot be distinguished qualitatively from that consumer-preference tests 
of sodium benzoate. The tasters were given no information as to the nature or 
Some commercial users of sodium benzoate have stated their purpose of the given the following form to 
belief that certain branis of sodium benzoate are less easily fill out 
deteetable or less objectionable in cider than others. In order as: 
to test this hypothesis, samples of 6 additional brands of food Paste samp! 


grade sodium benzoate were obtained, and each of these was 1. Which lo you prefer 


compared to the brand used in the previous tests. The compari If you have no preference, make a guess, 
sons were made between samples containing 0.100 of each 5 
” Does si rhe have an objectionable off-thavor? 

Yes or 
TABLE 2 3. Does sample e an objectionable off-flavor? 


Taste comparisons of preservative-treated cider with untreated ans 
cider. Triangle test—probability 1 in 6. 


Preservative 


Sodium benzoate Solium sorbat The code letters of the two samples were reversed halfway 
Concentration Concentration through each test in order. to eliminate the effeet of code-letter 
bias. The order of presentation of samples was also reversed 


0.04 ia is in half the eases 


Total number of judgments 20 In the first test, W.10%° sodium benzoate 
Number of correct answers 4 


was compared with untre: adele Of 100 tasters, 67) pre 
Significance 1% 

ferred the untreated cider and 33 preferred the cider contain 
ing benzoute. Sines Ol correct 


1 sig t 
Not significan judgments are required for 
significance at the 5 evel, id 64 for significance at the 1% 


TABLE 3 level (27), this result indicat au preference for the untreated 
Taste comparisons of seven brands of sodium benzoate in cider cider which is significant at the 1% level. The 


results are shown 
(0.1‘% concentration) triangle test, 20 judgments. in Table 4. An objectionabl favor was noted in the ben 


Brand A compared with each other brand. zoate-treated sample i ers; 4 tasters reported an off 
flavor in the control 
Brand In the second test, cider containing 0.10% sodium sorbate 
No. who identified Was compared W ith u ré ‘ der f 100 tasters, 56 preferred 
odd sample 2 j the untreated cider and refer ad eider 
No. who preferred taste This 
J level (2) An j 10 ff-flavo us noted in the sorbate 
of other brand 0 ; 4 ; 1 7 treated sample b 
Significance None None None None None None in the 


coutaining sorbate. 


is not a sufficient difference wv significance at the 5% 


isters reported an off-tlavor 
control 


So 
O.10% 0.05% O.O3% 0.02% O.10% O05 % 
as 18 9 7 5 15 ms 5 
<1% 1% 5% <1% 5% a! 
‘ 
| 
ae 
2 | 
‘ 
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TABLE 4 
Consumer-preference panel comparisons of preservative-treated 
cider with untreated cider. Paired comparisons, 
100 judgments. 


Control Benzoate Control Sorbate 
Number who preferred 67° 33 56 44 
Number who found 
off flavor in 1 47 15 27 


Significant at 1% level 
Not significant 


Of S2 tasters who participated in both of the consumer-pref 
erence tests, 55 preferred the control samples to the preservative 
treated samples in both eases; 21 preferred control to benzoate 


but preferred sorbate to control; 13 preferred benzoate to con 


trol, but preferred control to sorbate; and 13. preferred both 
preservative-treated sample to the controls. 

No comments were solicited other than the answers to the 
questions on the form, but some tasters volunteered further 
remarks. Those who objeeted to the taste of the preservative 
noted an unpleasant after-taste or biting astringency. Those 
who preferred the preservative-treated samples generally stated 
that they had more flavor or tang, or complained that the con 
trol was too bland or tasteless. It is obvious that a minority of 
tasters like the taste of preservative in cider. 


SUMMARY AND CONCLUSIONS 


A trained taste panel was able to detect the presence 
of sodium benzoate in cider at a minimum concentra- 
tion of 0.040. Sodium sorbate could be detected at a 
concentration of 0.05%. 

When compared at the minimum detectable concen- 


trations( 0.04°7 for benzoate and 0.05% for sorbate), 
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ITTING ENZYMES have been 
found to occur in practically all varieties of tissues. 
serridge Talee-Niedra (77) and Krishnamurti 
and Subrahmanyan (8) reviewed many of the sources 
of milk-clotting enzymes. It appears to be a general 
rule that all proteolytic enzymes possess the ability to 
clot milk under the proper conditions. As yet no 
exceptions to this rule have been reported. 
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there was no detectable qualitative difference between 
the taste of sodium benzoate and that of sodium sor- 
bate in cider. 

Of six additional brands of sodium benzoate tested, 
none were significantly better or worse in taste than 
the brand originally chosen for the tests when com- 
pared at 0.1% concentration. 

A consumer-preference panel of 100 tasters showed 
a significant preference for untreated cider over cider 
containing 0.10% of sodium benzoate. There was no 
significant preference for untreated cider over cider 
containing 0.10% sodium sorbate. Almost twice as 
many tasters found an objectionable off-flavor in ben- 
zoate-treated cider as in sorbate-treated cider. 

On the basis of these tests it would appear that 
sodium sorbate shows a definite advantage over so- 
dium benzoate as a preservative in cider from the 
standpoint of taste when used at relatively effective 
concentrations. 
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Despite the large number of proteolytic enzymes 
available, rennin, obtained from the abomasum or 
fourth stomach of the suekling calf in a vield of 10 
12 g. of commercial material per stomach, has been 
used almost exclusively in cheese manufacturing. The 
berries of Withania coagulans, common in India, con- 
tain enzymes capable of clotting milk and extracts of 
them have been used successfully in making soft and 
cheddar cheese (7). Krishnamurti and Subrahman- 
yan (8) have reported that ficin is more versatile in 
its clotting action than is rennin as it will clot not only 
animal milk but soya milk as well. Thus, from the 
practical point of view, ficin could be used for the 
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MILK-CLOTTING 


production of cheeses from vegetable milks on which 
rennin has no activity. Such a cheese would be highly 
acceptable in such countries as India. They found 
(8), in cheese-making trials, that ficin 
duced cheeses comparable in quality to that of rennin. 

Perhaps the main reason the other proteolytic en- 
zymes have not been extensively investigated for their 
milk-clotting ability is because the protein-digesting 
ability of these enzymes is so strong as to carry the 
clotting beyond the point necessary for the production 
of firm However, there 
where the milk-clotting component 
rated from the proteolytic component. Tauber and 
Laufer (13) have shown that the milk-clotting ae- 
tivity of the latex of Asclepais syriaca can be sepa- 
rated from the protein-splitting activity by pH 
adjustment and natural coagulation of the latex. Two 


use of pro- 


are isolated cases 


has 


cheeses. 


been sepa 


enzymes have been crystallized from the latex of the 
papaya one of which, chymopapain, has twice the milk 
clotting ability of the other, papain, per unit of pro 
teolytic activity (3, 5). Krishnamurti and Subrah- 
manyvan have found that the milk-clotting com- 
ponent of fig latex can be partially separated from 
the proteolytic component by the use of adsorbents 


(9) 


and fractionation with ethyl alcohol. 

The rapidity of the analysis and the simplicity of 
the method and equipment the milk 
clotting technique a good method for determining the 
activity of Balls and 
Hoover (1) have shown that the milk-clotting method 
gives an accurate measure of the proteolytic activity 


needed make 


proteolytic preparations. 


of papain. 

It was felt that an investigation of the milk-clotting 
properties of ficin would be of importance because of 
the potential importance of ficin in the production of 
cheeses and the usefulness of the technique for a rapid 
assay of the enzymatic activity. This paper presents 
the results of this investigation. 


EXPERIMENTAL 


Enzyme. A commercial preparation of ficin obtained from 


Merck was used throughout this investigation. The 
(glass distilled water was used throughout 


ficin was 


suspended in water 


this investigation) and allowed to stand at 0° C. overnight. It 


was then centrifuged at 70,000 g for 20 minutes and the 
clear supernatant liquid removed for use and stored at 07°C, 
The organic matter was determined by the method of John 
son (6 For activation, the enzyme was treated with cysteine 


prior to mixing with the substrate. 


Substrate. This was prepared from Carnation Instant dry 
milk solids by the method of Balls and Hoover (7). The final 
acetate buffer concentration of the substrate was 0.20 molar. 


The substrate coneentration given throughout this paper is be 
fore dilution with 0.20 ml. of enzyme 
stated. Where 0.20 ml. of enzyme solution was added to 1.0 ml. 


solution, unless otherwise 


of substrate the final coneentration of substrate is obtained by 
multiplying by 0.833. 
Irradiated sorbic acid. A saturated solution of sorbie acid, 
obtained from Union Carbide Chemicals Company, was irradi 
(Ultra 


ated for 16 hours at 45° C. with a Mineralite Lamp 

violet Prod., Ine., South Pasadena, Calif.) at 2540A wave 
length. The surface of the solution (100 ml. in a 250 ml. pyrex 
beaker) was 8 em. below the light. A control sample was 


treated in a similar fashion but protected from irradiation by 
Kaiser aluminum foil. The concentrations of sorbie and irradi 
ated sorbie acid were determined by the method of Melnick and 


Lueckmann (10). 


At 
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Inhibition. Rate of inhibition was determined by allowing 
the inhibitor to at pH 5.20 until there 
was no further change in the milk-clotting time. The time for 
maximum inhibition was then used in the determination of the 
I>, values (the inhibitor required to inhibit 
half the enzymatic activity. 


react with the enzyme 


concentration of 


Determination of activity. The milk-clotting activity was 
determined by the method of Balls and Hoover (7) with certain 
modifications. The reaction was normally carried out on 1.0 ml. 
of substrate to which 0.20 ml. of the properly prepared enzyme 
solution added The test tube, 


15 X 150 mm., was then rotated slowly around its long axis at 


was very rapidly 1-2 see.). 


30° angle in the thermostated bath. The time was noted for 
the formation of particles of casein on the walls of the tube. 
The results can be duplicated on the same sample with a pre 


cision of 0.5 to 1 and from day to day with a precision of 


2 to 3%. 


RESULTS AND DISCUSSION 


The first portion of this work was devoted to a study 
of the effect of enzyme concentration, buffer concen- 
tration, substrate concentration, pH, and other 
changes on the clotting time of milk. 

Effect of ficin concentration on clotting time. he 
effect of the amount of ficin on the time of clotting is 
shown in Figure 1. Balls and Hoover (7) found that, 
except for small concentrations of enzyme, the time 
required for clotting of milk by papain was inversely 
proportional to the amount of enzyme present, E 
Kt, where 
time. They found the data for the milk-clotting ae- 
tivity of chymotrypsin to fit this equation exactly. At 


is the weight of enzyme and f¢ is the 


low levels of papain concentration, however, the equa 
tion E Kt, By postulating that a 
certain part of the enzyme was removed, probably by 


ho longer held 


‘‘inhibition’’ by a substance in the milk, they found 
that the equation, (E-«)t 


where ¢ represented 
the amount of enzyme removed from action by *‘in 


4 
4 
50.0F 1 


300F 


x 10> 


10.0F 


“0246 0370 


MGS. FICIN 
Figure 1. Effect of ficin concentration on the clotting time, 
t. The experiment was carried out at 35.0°C. on 1.0 ml. of 
20% substrate at pH 5.20 using 0.20 ml. of enzyme activated 
with 1.25 * 10° M cysteine (©) and on unactivated enzyme 
(@). 
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hibition,’’ correctly expressed the relation between 
time and enzyme concentration over the range of their 
experiments, 

The data of Figure 1 show that the simple equation, 
Kk K t, accurately expresses the time-enzyme con- 
centration relationship up to a clotting time of 80 
seconds (0.100 mg. ficin in 0.20 ml. plus 1.0 ml. of 
20% substrate) for the enzyme activated by 1.25 x 
107 M eysteine. The final concentration of eysteine 
in the reaction mixture was 2.1 X 10% molar. In the 
absence of cysteine, however, the relationship is true 
only up to 33 seconds (0.350 mg. ficin in 0.2 ml. plus 
1.0 ml. of 20° substrate). With enzyme concentra- 
tions of less than 0.100 me. and 0.350 mg. of the ficin, 
in the presence and absence of cysteine, respectively, 
the relationship, E = Kt, no longer holds. It is seen 
from the data of Table 1 that the equation (E-e)t = 
K’ should be used to express the clotting time-concen- 
tration relationship for enzyme concentrations smaller 
than these. The value of ¢ is obtained from the inter- 
cept on the x-axis of the data plotted in Figure 1. 
Thus, the clotting time-concentration relationship is 
of a diphasie nature. The deviation of the upper 
point in Figure 1 is explained by the clotting time, 
which was too short to make the time of the addition 
of enzyme insignificant. Shorter clotting times than 
20 seconds should not be used. 


TABLE 1 
Amount of enzyme versus clotting time’ 


Clotting (E t 
Amount of enzyme per 1.2 m E-t kK E-c) on 
ime me. sec.) (« lo me.) 
me mg. sec.) 
Activated samples 
29 72 


nactivated samples ‘ 0.104 mg.) 
Oa 2 7 9.22 

0.246 3.5 
O.1R5 
400) 


The experiment was carried out at 35.0° C. on 1.0 ml. of 20% 


substrate buffered at pH 5.20 wth 0.20 M acetate buffer using 0.20 ml 
of unactivated enzyme or of enzyme activated with 125 © 102M eys 
teine before addition to the substrate 


It is interesting that the amount of the enzyme that 
was ‘‘inactive’’ during the clotting process (¢ = 
0.025 mg.) was approximately one-tenth the amount 
**inactivated’’ in the experiments of Balls and Hoover 
(1). They were using 10 ml. of substrate, whereas in 
this experiment only one ml. was used. This tends to 
bear out their conclusion that the amount of enzyme 
‘inhibited’’ is a property, not of the enzyme used, 
but of the substrate. Assuming this to be true, one 
would calculate a ¢ value of 0.072 mg. for ficin in the 
presence of cysteine based upon the Ki values for ficin 
and activated ficin over the linear portion of the 
curves. Apparently, then, the difference between 
0.072 mg. (calculated) and 0.025 mg. (found) is due 
to the effect of cysteine in preventing “‘inhibition”’ 
by the substrate. That eysteine can partially prevent 
the inhibition of the enzyme by the substrate is shown 
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by Figure 3 and the following data: use of a substrate 
solution (25% ) containing 1.25 X 10° M cysteine re- 
sulted in a clotting time of 17.3 seeonds for 0.370 mg. 
ficin activated with 1.25 * 10°M _ ceysteine while a 
cysteine-free substrate solution was clotted in 24.6 
seconds by the same ficin solution. If the ficin is aeti- 
vated with sufficient cysteine to give a final concen- 
tration of 1.25 X 10° M when added to cysteine-free 
substrate, the observed clotting time was 25.8 seconds. 
This clearly demonstrates the presence of inhibitors 
in the substrate. Whether this inhibition is due to 
heavy metal ions or to the casein molecule is not 
known. 

Effect of pH on the clotting time. The pH of the 
substrate has a tremendous effect on the clotting time 
as one might expect (Figure 2). The clotting time 
was found to decrease as the pI] approached the iso- 
electric point of casein (pH 4.6). The reason for the 
exact nature of the curve is not known. It would be 
difficult to postulate reasons for the nature of the 
curve until more is known about the mechanism of the 
clotting process and the milk components involved. 
However, the data show that at pH 5.20, which is 
usually used for milk-clotting assays, the clotting time 
is extremely dependent on the pH. One must be able 
to control this faetor exactly in order to get repro- 
ducible assays over a period of time. For this reason 
it may be desirable to run the assay in milk buffered 
at pli 6.0 where it is not nearly as sensitive to pH 
changes. Only about 30° sensitivity would be sacri- 
ficed by running the assay at pH 6.00 rather than 
9.20. 

Effect of concentration of acetate buffer on clotting 
time. From Table 2 it is seen that the clotting time 
is affected by the concentration of buffer, increasing 


(SEC) 


3 
5 


CLOTTING TIME 


20.0 


Figure 2. Effect of pH on the clotiing time. Twenty per 
cent substrate buffered at the desired pH with 0.20 M acetate 
buffer was used. Cysteine-activated ficin (0.340 mg. in 0.20 ml.) 
was allowed to act upon 1.0 ml. of the substrate at 35.0° C. 
The ficin was activated with 1.25 10° M cysteine. 
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MILK-CLOTTING 


TABLE 2 
Effect of concentration of acetate buffer on clotting time’ 


Clotting time 
(seconds) 


Buffer concentration 
(molar) 


Final pH 


5.40 21.4 
5.40 23.6 
5.40 24.4 
5.40 26.9 
5.40 32.1 


5.40 $2.5 


! Oysteine-activated ficin (0.242 mg. in 0.20 ml.) was allowed to 
act upon 1.0 ml. of 20% substrate buffered with various concentra 
tions of acetate buffer at 35.0° C. and pH 5.40. The ficin was activated 
with 1.25 10-2 M eysteine before addition to the substrate 


with increasing concentrations of buffer. For exam- 
ple, there is a change of 52% in the clotting time on 
the addition of 0.268 molar acetate buffer. 

Effect of volume of substrate on the clotting time. 
Various volumes of substrate have been used by dif- 
ferent workers in the milk-clotting method. Balls and 
Hoover (1) used 10 ml., Balls and Lineweaver (3) 
used 5 ml, Krishnamurti and Subrahmanyan (8) 
used 2 ml. and this investigator has used one ml. 
Each group of investigators has defined a unit of 
enzyme activity as the amount that would clot the 
number of ml. of substrate they used in one minute 
at a given temperature. This makes a comparison of 
the results difficult if not impossible. The effect of 


CLOTTING TIME (SEC.) 


3.0 5.0 
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Figure 3. Effect of substrate volume on the clotting time. 
Cysteine-activated ficin (0.370 mg. in 0.20 ml.) was allowed 
to act at 35.0°C. upon various amounts of 20% substrate 
(final concentration) buffered at pH 5.20 with 0.20 M acetate 
buffer. The ficin was activated with 1.25 = 10° M cysteine be- 
fore addition to the cysteine-free substrate (©) and to the sub- 
strate containing 1.25 10° M cysteine (@). 


ACTIVITY OF FICIN &Y 


the volume of substrate used on the clotting time is 
shown in Figure 3. The clotting time was found to 
be almost directly proportional to the volume of sub- 
strate used. If the data were corrected for the amount 
of enzyme *‘‘inactivated’’ by the substrate, by a series 
of experiments similar to that shown in Figure 1, it 
is believed that the relationship between clotting time 
and volume of substrate would be a linear one. In 
fact, it is linear over a part of the curve. Figure 3 
also shows that the relationship between clotting time 
and volume of substrate can be improved by the use 
of cysteine in the substrate solution to prevent ‘‘in- 
hibition’’ of the enzyme. Even the large amount used 
here did not completely prevent inhibition, however. 

Effect of substrate concentration on clotting time. 
It is seen from Figure 4 that the clotting time is di- 


rectly proportional (slope 2.1 sec.) per cent sub- 
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Figure 4. Effect of substrate concentration on the clotting 
time. Cysteine-activated ficin (0.145 mg. in 0.20 ml.) was 
allowed to act at 35.0° C. on one ml. of various concentrations 
of substrate containing 2.5 mg. CaCl.* 2H.O per ml. (QO) or 
substrate containing no added calcium ions (@) and buffered 
at pH 5.20 with 0.20 M acetate buffer. The ficin was activated 
with 1.25 = 10° M cysteine. Note that the concentrations of 
substrate given are initial concentrations. The initial concen- 
tration multiplied by 0.833 gives final concentration. 


strate and intercept 13.1 see.) to substrate concen- 
tration over the range of 4 to 20% milk, deviating 
from linearity only at the 2% substrate level. The 
clotting process is very readily detected at the 8% 
substrate level but it requires a little more practice 
to be able to detect the time of clotting, particularly 
at the 2% substrate level 

It was also found (Figure 4, Table 5) that adding 
calcium ions did not increase the time of clotting as 
has been reported by Krishnamurti and Subrahman- 
van for ficin (8) and by Berridge for rennin (4). 
However, the powdered milk substrate (20% ) con- 
tained 2.5 mg. of calcium ions per ml. and even at the 


4% substrate level contained sufficient calcium ions 


0.50 mg./ml.) to give maximum activation accord- 
ing to the data of Krishnamurti and Subrahmanyan 
(8S). Therefore, no conclusions as to effect of calcium 
ions on the time of clotting can be drawn from the 
data in which powdered milk was used 
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Effect of age of substrate on clotting time. Time of 
standing, or aging, of the substrate at room tempera- 
ture had no effect on time of clotting (Table 3). How- 
ever, standing at 35.0° C. in a water bath, as well as 
storage at 4° C., did affect the clotting time of milk. 
Thus, it would appear to be preferable to prepare 
the substrate fresh each day and to allow it to remain 
in the water bath for a standard period of time for 
temperature equilibration before addition of the 
enzyme, These precautions were observed in the ex- 
periments reported in this paper. 


TABLE 3 
Effect of age of substrate on time of clotting by ficin' 
Aged at 35.07 ¢ Aged at 22.8° Aged at 4° 
Aging (Motting Aging Motting Aging Clotting 
ume time time lime ume 
(minutes) (seconds) (hours) (seconds) (days) (seconds) 
3.7 “ 0 13.7 
20 5.2 20 44 2 26.5 
40 48 ‘8.7 
vo 17.5 7.0 M44 
120 24 14.2 
45 3.1 


The substrate was 209 dry milk solids buffered at pH 5.20 with 
020M acetate buffer. Cysteine activated ficin (0.246 mg. in 0.20 ml.) 
was allowed to act upon 1.0 ml. of substrate at 35.07 ¢ 


Effect of temperature on clotting time. Evaluation 
of the data in Figure 5 by the method of least squares 
gave the following energies of activation for the clot- 
ting of milk, 15,900 calories between 30.1 and 60.2> C., 
23,900 calories between 10.7 and 30.1° C. and 26,700 
calories between 2.52 and 10.77 C. The reason for the 
change in activation energy is not known. Balls and 
Lineweaver (2) reported that papain and chymotryp- 
sin clotted milk even at —1° C. but the time of clotting 
was much longer than that caleulated from the acti- 
vation energy determined at 30°C. Berridge (4) re- 
ported that rennin did not produce a clot at low tem- 
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Figure S$. Effect of temperature on the clotting time. The 
experiment was carried out using 0.20 ml. cysteine-activated 
ficin and 1.0 ml. of 20% substrate buffered at pH 5.20 with 
0.20 M acetate buffer. The specific activity is units of enzyme 
activity per mg. of ficin where one unit of activity is that 
amount of activity which will clot one ml. of substrate in 
60 sec. at 35.0° C. 
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peratures. Tappel, Miyada, Sterling and Maier (12) 
also found a change in the activation energy below 
30° C. although they did not make particular note of 
this. The value of 15,900 calories found for the acti- 
vation energy fer the clotting of milk by ficin (30- 
60° C.) is in excellent agreement with the 16,000 
calories found for the action of papain on milk (72). 


Stability of the milk-clotting component of ficin. 
The stability of ficin, at a concentration of 1.21 mg. 
per ml., pH 7.0 and 35.0°C., in the presence and 
absence of cysteine is shown in Figure 6. I[t is seen 
that the enzyme loses activity much more rapidly in 
the absence of cysteine. However, most of this loss in 
activity can be restored by the addition of cysteine. 
This would indicate that the activity lost was largely 
due to the oxidation of the sulfhydryl group to a di- 
sulfide group (reversible inactivation) rather than 
denaturation of the enzyme itself (irreversible in- 
activation). Therefore, this finding is in agreement 
with previous work (14) which showed that ficin lost 
proteolytic activity at the same rate in the presence 
or absence of eysteine. 
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Figure 6. Stability of the milk-clotting activity of ficin. 
The ficin, at a concentration of 1.21 mg. per ml., was held at 
35.0° C. in the presence (») or absence of 1.25 « 10° M cysteine 
(©) or (@). The ficin was activated with 1.25 ~ 10~ molar 
cysteine after the holding period in the experiment marked by 
the solid dot (@). The milk-clotting activity was then deter- 
mined in the usual fashion. 
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Effect of activators and inhibitors on clotting time. 
Results of the activation-inhibition studies are given 
in Tables 4 and 5. The same reagents are found to 
activate and inhibit both the milk-clotting component 
and the proteolytic component (14) of ficin. There- 
fore, the milk-clotting activity is dependent upon the 
presence of a sulfhydryl group. These data do not 
give any indication as to whether the milk-clotting 
and proteolytic activity are dependent upon the same 
or different enzymes 
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TABLE 4 
Inhibition of the milk-clotting activity of ficin’ 


Reactivation with 
Reaction cysteine 
with Ise 
inhibito (molar) Inactiva Reactiva 
(minutes ) tion tion 
(per cent) (per cent) 


Inhibitor 


Potassium 
ferricyanide 2 x 10-2 3 None 
Hydrogen 
peroxide 
Sodium nitrite 
Silver nitrate 
Cupric sulfate 


10 
10 
1-5 
10-2 
10 


lodoacetic acid 
Phenylhydrazine 
Maleic acid 
Sorbic acid 
Sorbic acid 
Sorbic acid 


2a 


Irradiated 
sorbic acid 60 3.0 « 10-4 


‘The inhibition was carried out at pH 5 85 C. and a ficin 
concentration of 1.23 mg. per ml. for the specified period. The milk 
clotting activity of 246 mg. of the inhibited ficin in 0.20 ml. was 
then measured in the usual way. For reactivation, the inhibited ficin 


was treated with 1.25 10-2 M cysteine for 5 min. at 35° ¢ 


TABLE 5 
Activation of the milk-clotting activity of ficin' 


Maximum 
Maximum concentration 
Aso increase in tested when 
activity Aso is not 
(per cent) calculated 
(molar) 


Activator (molar) 


Cysteine 
Sodium 

bisulfite x & 68 
Sodium 

hydrosulfite > 
Versene 17 
Ascorbic acid None 
Calcium 

chloride None 


The activation was carried out at pH 5.20 and 35.07 ¢ for 5 
minutes on 1.23 mg. per ml. of ficin. The milk-clotting activity was 
then measured in the usual way. The Aso value is the concentration of 
activator needed to activate half of the enzyme under the conditions 


used here 


Inhibitors used in this experiment can be divided 
into 3 groups depending upon their action on the sulf- 


hydryl group of the enzyme. Potassium ferricyanide, 
sodium nitrite, and hydrogen peroxide are oxidizing 
agents of the sulfhydryl group and the action of these 
reagents can usually be reversed by the addition of 
cysteine. This was not found to be true particularly 
Apparently, it carried 
lodoacetic 


for potassium ferricyanide. 
the oxidation beyond the disulfide stage. 
acid and phenylhydrazine are alkylating agents of 
sulfhydryl groups. The inhibition could be partially 
reversed by the addition of cysteine. It is usually 
true that inhibition by iodoacetie acid cannot be re- 
versed. This was found to be true in the studies on the 
proteolytic activity of ficin (14). Perhaps a longer 
reaction time or larger concentrations of iodoacetic 
acid would not result in a reversal of the inhibition. 
It is surprising to find that phenylhydrazine inhibits 
the clotting action of ficin since Balls and Hoover (1) 
found that it activated the clotting action of papain. 
Heavy metal ions, silver and copper, maleic acid and 
the sorbie acids inactivate sulfhydryl enzymes by mer- 
captide formation. Inhibition by the silver and cop- 
per ions can be completely reversed by cysteine where- 
as the inhibition by the other reagents is incompletely 
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reversed, if at all. The ability to reactivate ficin which 
had been inhibited by sorbic acid was found to be 
more a function of the time of inhibition rather than 
of inhibitor concentration and degree of inhibition. 
Irradiated sorbie acid was found to be a better in- 
hibitor of ficin than was sorbic acid. A proposed 
mechanism of inhibition of sulfhydryl enzymes by 
sorbic acid has been presented in a previous publi- 
cation (15). 

The Iso inhibitor 
needed to produce 50% inhibition of ficin, are also 
Such data permit a direet com- 


values, the concentration of 
shown in Table 4 
parison of the effectiveness of the various inhibitors. 

The milk-clotting activity of ficin was activated by 
cysteine, sodium bisulfite, sodium hydrosulfite and 
versene (Table 5 The first three are about equally 
effective. It should be recalled. that sodium hydro- 
sulfite gives rise to 2 molecules of sulfurous acid on 
reaction with water which explains its greater effee- 
While versene produced 
about a four-fold increase in the proteolytic activity 


tiveness on a molar basis. 


of ficin (74) only a 17% inerease in milk-clotting ac- 
tivity was found. The reason for this is the use of 
glass-distilled water in these experiments. This indi- 
cates that the function of versene in the activation of 
ficin is the removal of inhibitory metal ions. Ascorbic 
acid was again found to be ineffective as an activating 
agent for fiein (14) 


SUMMARY 


It is necessary to use both the equations, K Kt 
and K’ K-c)t, where E is the enzyme coneentra- 
tion, ¢ is the clotting time, ¢ is the amount of enzyme 
inhibited and K is a proportionality constant, to ex- 
press the relationship between clotting time and ficin 
concentration over the range studied. 

The clotting time for the action of ficin on milk was 
found to be influenced by the enzyme concentration, 
pH, volume of substrate, substrate concentration, 
age of substrate, and temperature. 

The milk-clotting activity of ficin is inhibited and 
activated by the same reagents which inhibit and 
activate the proteolytic activity. The milk-clotting 
activity is dependent upon a free sulfhydryl group 
in the enzyme 
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Effect of age of substrate on clotting time. Time of 
standing, or aging, of the substrate at room tempera- 
ture had no effect on time of clotting (Table 3). How- 
ever, standing at 35.0° C. in a water bath, as well as 
storage at 4° C., did affect the clotting time of milk. 
Thus, it would appear to be preferable to prepare 
the substrate fresh each day and to allow it to remain 
in the water bath for a standard period of time for 
temperature equilibration before addition of the 
enzyme, These precautions were observed in the ex- 
periments reported in this paper. 


TABLE 3 
Effect of age of substrate on time of clotting by ficin' 
Aged at 35.0° © Aged at 22.8° Aged at 4° 
Aging (Motting Aging Olotting Aging Clotting 
time time time time time 
(minutes) (seconds) (hours) (seconds) (days) = (seconds) 
0 13.7 0 33.7 33.7 
10 34.8 15 33.2 1 S13 
20 35.2 2.0 j44 2 26.5 
40 34.8 33.7 
60 36.4 40 340 
17.5 7.0 $4.4 


120 37 2 34.2 


' The substrate was 20% dry milk solids buffered at pH 5.20 with 
0.20 M acetate buffer. Cysteine activated ficin (0.246 mg. in 0.20 ml.) 
was allowed to act upon 1.0 ml. of substrate at 35.0° C 


Effect of temperature on clotting time. Evaluation 
of the data in Figure 5 by the method of least squares 
gave the following energies of activation for the clot- 
ting of milk, 15,900 calories between 30.1 and 60.2° C., 
23,900 calories between 10.7 and 30.1° C. and 26,700 
calories between 2.52 and 10.77 C. The reason for the 
change in activation energy is not known. Balls and 
Lineweaver (2) reported that papain and chymotryp- 
sin clotted milk even at —1° C. but the time of clotting 
was much longer than that caleulated from the acti- 
vation energy determined at 30° C. Berridge (4) re- 
ported that rennin did not produce a clot at low tem- 


LOG.(SPECIFIC ACTIVITY x 


3.30 
\/T x 10> 


Figure 5. Effect of temperature on the clotting time. The 
experiment was carried out using 0.20 ml. cysteine-activated 
ficin and 1.0 ml. of 20% substrate buffered at pH 5.20 with 
0.20 M acetate buffer. The specific activity is units of enzyme 
activity per mg. of ficin where one unit of activity is that 
amount of activity which will clot one ml. of substrate in 
60 sec. at 35.0° C. 
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peratures. Tappel, Miyada, Sterling and Maier (12) 
also found a change in the activation energy below 
30° C. although they did not make particular note of 
this. The value of 15,900 calories found for the acti- 
vation energy for the clotting of milk by ficin (30- 
60°C.) is in excellent agreement with the 16,000 
calories found for the action of papain on milk (72). 

Stability of the milk-clotting component of ficin. 
The stability of ficin, at a concentration of 1.21 mg. 
per ml., pH 7.0 and 35.0°C., in the presence and 
absence of cysteine is shown in Figure 6. It is seen 
that the enzyme loses activity much more rapidly in 
the absence of cysteine. However, most of this loss in 
activity can be restored by the addition of cysteine. 
This would indicate that the activity lost was largely 
due to the oxidation of the sulfhydryl group to a di- 
sulfide group (reversible inactivation) rather than 
denaturation of the enzyme itself (irreversible in- 
activation). Therefore, this finding is in agreement 
with previous work (14) which showed that ficin lost 
proteolytic activity at the same rate in the presence 
or absence of cysteine. 
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Figure 6. Stability of the milk-clotting activity of ficin. 
The ficin, at a concentration of 1.21 mg. per ml., was held at 
35.0° C. in the presence (=) or absence of 1.25 x 10° M cysteine 
(O) or (@)j. The ficin was activated with 1.25 = 10° molar 
cysteine after the holding period in the experiment marked by 
the solid dot (@). The milk-clotting activity was then deter- 
mined in the usual fashion. 


Effect of activators and inhibitors on clotting time. 
Results of the activation-inhibition studies are given 
in Tables 4 and 5. The same reagents are found to 
activate and inhibit both the milk-clotting component 
and the proteolytic component (14) of ficin. There- 
fore, the milk-clotting activity is dependent upon the 
presence of a sulfhydryl group. These data do not 
give any indication as to whether the milk-clotting 
and proteolytic activity are dependent upon the same 
or different enzymes. 
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TABLE 4 
Inhibition of the milk-clotting activity of ficin’ 


Reactivation with 
Reaction cysteine 
with 
inhibito (molar) Inactiva Reactiva 
(minutes) tion tion 
(per cent) (per cent) 


Inhibitor 


Potassium 

ferricyanide x 3 None 
Hydrogen 

peroxide 
Sodium nitrite 
Silver nitrate 
Cupric sulfate 
lodoacetic acid 
Phenylhydrazine 
Maleic acid 
Sorbic acid 
Sorbie acid 
Sorbic acid 
Irradiated 

sorbic acid 


‘The inhibition was carried out at pH 5.20, 35.0° C. and a ficin 
concentration of 1.23 mg. per ml. for the specified period. The milk 
clotting activity of 0.246 mg. of the inhibited ficin in 0.20 ml. was 
then measured in the usual way For reactivation, the inhibited ficin 


10-2°M eysteine for 5 min. at 35° ¢ 


was treated with 1.25 


TABLE 5 
Activation of the milk-clotting activity of ficin' 


Maximum 

Maximum concentration 
Are increase in tested when 
(molar) activity Ano 18 not 
cal ulated 
(molar) 


Activator 


(per cent) 


Cysteine 
Sodium 

bisulfite 
Sodium 

hydrosulfite 
Versene ‘ 7 
Ascorbic acid None 9.6 
Caleium 

chloride None 1.65 


The activation was carried out at pH 5.20 and 35.07 ¢ for 5 
minutes on 1.23 mg. per ml. of ficin. The milk-clotting activity was 
then measured in the usual way. The Aso value is the concentration of 
activator needed to activate half of the enzyme under the conditions 


used here 


Inhibitors used in this experiment can be divided 


into 3 groups depending upon their action on the sult- 
hydryl group of the enzyme. Potassium ferricyanide, 
sodium nitrite, and hydrogen peroxide are oxidizing 
agents of the sulfhydryl group and the action of these 
reagents can usually be reversed by the addition of 
cysteine. This was not found to be true particularly 
for potassium ferricyanide. Apparently, it carried 


the oxidation beyond the disulfide stage. Lodoacetic 
acid and phenylhydrazine are alkylating agents of 
sulfhydryl groups. The inhibition could be partially 
reversed by the addition of cysteine. It is usually 
true that inhibition by iodoacetie acid cannot be re 
versed. This was found to be true in the studies on the 
proteolytic activity of ficin (14). Perhaps a longer 
reaction time or larger concentrations of iodoacetic 
acid would not result in a reversal of the inhibition. 
It is surprising to find that phenylhydrazine inhibits 
the clotting action of ficin since Balls and Hoover (1) 
found that it activated the clotting action of papain. 
Heavy metal ions, silver and copper, maleie acid and 
the sorbie acids inactivate sulfhydryl enzymes by mer- 
captide formation. Inhibition by the silver and cop- 
per ions can be completely reversed by cysteine where- 
as the inhibition by the other reagents is incompletely 
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reversed, if at all. The ability to reactivate ficin which 
had been inhibited by sorbic acid was found to be 
more a function of the time of inhibition rather than 
of inhibitor concentration and degree of inhibition. 
Irradiated sorbie acid was found to be a better in- 
hibitor of ficin than was sorbic acid. A proposed 
mechanism of inhibition of sulfhydryl enzymes by 
sorbic acid has been presented in a previous publi- 
cation (15). 

The I59 values, the concentration of inhibitor 
needed to produce 50% inhibition of ficin, are also 
shown in Table 4. Such data permit a direet com- 
parison of the effectiveness of the various inhibitors. 

The milk-clotting activity of ficin was activated by 
cysteine, sodium bisulfite, sodium hydrosulfite and 
versene (Table 5). The first three are about equally 
effective. It should be recalled that sodium hydro- 
sulfite gives rise to 2 molecules of sulfurous acid on 
reaction with water which explains its greater effee- 
tiveness on a molar basis. While versene produced 
about a four-fold increase in the proteolytic activity 
of ficin (74) only a 17% inerease in milk-eclotting ae- 
tivity was found. The reason for this is the use of 
glass-distilled water in these experiments. This indi- 
cates that the function of versene in the activation of 
ficin is the removal of inhibitory metal ions. Ascorbic 
acid was again found to be ineffective as an activating 
agent for ficin (174). 


SUMMARY 


It is necessary to use both the equations, K Kt 
and K’ (K-e)t, where F is the enzyme coneentra- 
tion, ¢ is the clotting time, ¢ is the amount of enzyme 
inhibited and A is a proportionality constant, to ex- 
press the relationship between clotting time and ficin 
concentration over the range studied. 

The clotting time for the action of ficin on milk was 
found to be influenced by the enzyme concentration, 
pH, volume of substrate, substrate concentration, 
age of substrate, and temperature. 

The milk-clotting activity of ficin is inhibited and 
activated by the same reagents which inhibit and 
activate the proteolytic activity The milk-clotting 
activity is dependent upon a free sulfhydryl group 
in the enzyme 

LITERATURE CITED 

Barina, A,. Hoover, S The milk-clotting aetion 
of papain, J, Biol. Chem., , 137 (1937 

SALLS, A. K., AND LINEWEAVER, H. Action of enzymes at 
low temperatures. Food Research, 3, 57 (1938). 

Bauus, A. K., AND LINEWEAVER, H. Isolation and proper 
ties of erystalline papain. J. Biol. Chem., 130, 669 
(1939 

BerrinGk, N. J. Enzymes and coagulation, IT. Milk eoagu 
lation The Enzymes \ I, Part 2, p. 1079, 1951. 
Academic Press, Ine., New York, N. Y. 

JANSEN, E. F., anp Batis, A. K. Chymopapain: a new 
erystalline proteinase from papaya latex. J. Biol. 
Chem., 137, 459 (1941 

JOHNSON, M. J \ rapid micromethod for estimation of 
non-volatile organie matter. J. Biol, Chem., 181, 707 

1949 

KOTHAVALLA, Z. R., AND KHUBCHANDANI, P. G. Withania 
coagulans as a vegetable rennet. Indian J, Vet. Sei., 10, 
284 (1940); Chem, Abst., 35: 2623" 


‘i 
10 
10-2 
H 


KRISHNAMURTI, C. R., AND SUBRAHMANYAN, V. Studies on 
vegetable rennet. I. The milk-coagulating enzyme of 
Ficus carica Linn, Preparation and physico-chemical 
properties. Jadian J. Dairy Sei., 1, 27 (1949). 

KRISHNAMURTI, ©. R., AND SUBRAHMANYAN, V. Purifica 
tion of the milk-clotting enzyme of fig latex. Indian J. 
Dairy Sei., 6, 15 (1953). 

lu. Meutnick, D., anp LuekmMann, F. H. Sorbie acid as a 

fungistatic agent for foods. IL]. Speetrophotometrie de 

termination of sorbie acid in cheese wrappers. Food 


Research, 19, 2v (1954 


Manuccript received May 31, 1958 


ke HAS RECENTLY been demon- 
strated that an off-flavor in beet puree, variously 
described as bitter, medicinal or phenolic, Is partially 
due to high concentrations of pyrrolidonecarboxylic 
acid (PCA) (6). This off-flavor is not present in raw 
beets, but develops during processing. The immediate 
precursor to PCA in processed or stored foods is the 
amide glutamine (2, 3, 5, 6), and the degradation is 
heat induced with the formation of PCA and free 
ammonia, or ammonium pyrrolidonecarboxylate, de- 
pending upon the pil 

Data were needed to provide a basis for adequate 
control measures in preventing the occurrence of this 
off-flavor and the present report concerns the effects 
of variations in the glutamine content of raw beets 
and the times and temperatures at which comminuted 
beets are held before retorting. 


EXPERIMENTAL 


Standard method of manufacturing beet purce. Beet puree 
was prepared on a pilot plant seale by abrasion peeling and 
trimming the raw beets before they were comminuted in a 
Fitzmill (Model D, F. J. Fitzpatrick Co., Chieago, Ill.) oper 
ated at 4100 ropom. without sereens. The coarsely chopped ma 
terial was placed in a steam jacketed kettle, 200 by weight of 
water added and the mixture heated to 196° F. with continuous 
ugition, Further reduction in the size of the beet puree was 
accomplished in a finisher (FPF. H. Langsenkamp Co., Indiana 
polis, Ind. Model 1858) equipped with sereens having 0.033 
inch diameter openings. This puree was then heated to 200° F. 
in a stenm-jacketed kettle before filling into 8 oz. jars which 
were then eapped with a steam vacuum exhaust before heating 


* Presented at the Eighteenth Annual Meeting of the Insti 
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in water at 245° F. for 45 minutes. Cooling the jars and con 
tents in water under pressure to around 100° F. required an 


uverage of 7 minutes. 

Holding time. To study the effect of holding the puree at 
aun elevated temperature on the formation of PCA, a series of 
sumples were taken from a large batch of well mixed puree 
immediately after the finishing operation and held at 200° FP. 
for | to 4 hours in separate containers before filling into jars 
and retorting according to the standard manufacturing pro 
cedure. This range in holding times was considered to encom 
puss any delay likely to be encountered in a commercial opera 
tion due to breakdowns, deaerution or uneven flow of product 
through the processing line. 

Holding temperature. The effect of temperature upon the 
formation otf PCA was determined using «a similar series of 
sumples of finished puree from a single batch to which 0.67% 
of glutamine had been added. These samples were held for 2 
hours at temperatures ranging from 138° F. to 188° F. before 
heating to 200° F. and immediately filling into jars and re 
torting. 

Glutamine content. The glutamine concentration of samples 
from a single batch of finished puree was varied by adding 
glutamine. These purees were then held at 200° F. for 2 hours 
before filling and retorting. 

Analyses of glutamine and PCA contents. Analyses for 
glutamine and PCA on the finished product were made on the 
combined contents of several jars. Analytieal procedures used 
to determine PCA and glutamine have been described elsewhere 
(4, 6) and the data presented are averages of triplicate deter 
minations on duplicate samples, 


RESULTS 


Holding time. The effect of prolonging the processing time 
or holding time upon the formation of PCA in beet puree is 
shown in Figure 1. The rate of PCA formation appears to be 
a linear funetion of the processing time. The coefficient of 
correlation obtained, 0.89, was significant at the 50% level. 

Holding temperature. Results obtained by varying the 
processing or holding temperature ure shown in Figure 2. It 
would appear that the formation of PCA during processing is 
an exponential function of the processing temperature. Above 


Biter 
92 
at 
Ve, 
: 
x 


FORMATION OF PCA DURING PRODUCTION OF REET PUREE 93 


4 


T 


PER CENT PCA 
° 


0 | 2 3 4a 
HOLDING TIME, HOURS 


Figure 1. The effect of the holding time (200° F.) upon 
the formation of PCA in beet puree. 
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Figure 2. The effect of the holding temperature (2 hours) 
upon the formation of PCA in beet puree. 
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Figure 3. The effect of the glutamine concentration (Temp. 
200° F., holding time, 2 hours) upon the formation of PCA in 
beet purees. 


temperatures of 148° F., the rate of PCA formation is quite 
rapic. Viekery ef al. (8) eaution against the use of tempera 
tures greater than 60°C. (140° F.) when attempting to pre 
pare glutamine from table beets. 

Glutamine content. The effect of varying the gluta 
mine content of the beet mash upon the formation of PCA 
can be seen in Figure 3. These data show that under standard 
conditions of processing (2 hours at 200° F.) the PCA content 


of the finished product varies directly with the glutamine con 
tent of the raw material. The coefficient of correlation was 


0.90, and was signifieant at the 5% level. 


DISCUSSION 


Data obtained on beet puree produced in the pilot 
plant show that the processing time, processing tem- 
perature, and the glutamine content of the raw stock 
significantly affects the PCA content of beet puree. 
A previous study (6) showed that high PCA coneen 
trations contribute to off-flavor in beet puree. 
Analyses for PCA showed that PCA is absent in raw 
beets, and PCA is to be considered, therefore, as a 
product of processing. As calculated from the effect 
of temperature on PCA formation, about 49% of 
the glutamine theoretically available would be de 
stroyed by retorting. Actual glutamine analysis (4) 
showed that PCA formation is about 60% of that 
theoretically available due to cooking and retorting. 
Cooking, holding for 4 hours, and retorting resulted 
in the decomposition of 98¢ of the glutamine avail 
able It is apparent, therefore, that raw beets con 
taining considerable glutamine, whether from fer 
tilizer practice (9), or from cold storage (8), must be 
processed with special care to avoid the formation of 
excessive PCA and off-flavon 


SUMMARY 


The formation of pyrrolidonecarboxylie acid 
PCA during the manufacture of beet puree for 
baby food was studied on a pilot plant seale and 
found to be affected by the glutamine content of the 


heet mash and the processing times and temperatures. 


High concentrations of PCA can cause off-flavor, and 
the incidence of off-flavor may be reduced by using 
beets with relatively low glutamine contents and by 
minimizing the time pureed beets are held at elevated 
temperatures prior to retorting the filled containers 
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Radiation Preservation of Milk and Milk Products. VIII. 


Radiation-Distillation Apparatus for using High Energy Electrons* >< 


Manu cript received May 1958) 


Wrues MILK WAS IRRADIATED with 
gamma rays from a cobalt-60 source, it was found 
that acceptable flavor levels could be obtained at dose 
levels of two million rad when certain operating con- 
ditions were maintained. These conditions consisted 
of the concurrent removal of volatiles by maintaining 
certain evaporation rates and by excluding oxygen 
during radiation. The limitations of dose rate which 
are inherent in experiments using kilocurie cobalt-60 
as a source of radiation made the extension of these 
experiments to higher dose levels of interest. Previous 
studies indicated that an increase in ionization inten- 
sity or dose rate might necessitate some increase in 
evaporation rates; the extent of such increase, how- 
Use of high energy 
X-rays 


ever, remained to be determined. 
electrons offered advantages over gamma- or 
because of greater flexibility of manipulation and 
because higher dose could achieved. The 
source of high energy electrons at the Department of 
Food Technology at M.L.T. consists of a GE Resonant 
Transformer which delivers electrons 800 KVP at a 
beam current of 1 mA. These beam characteristics 
made it necessary, however, to collect a dose of two 
million rad by multi-passes of the milk through the 
beam. Therefore, sterilization of the milk was not 
achieved with this arrangement and this problem. re- 
mains to be solved by introducing changes in the 


rates be 


apparatus. 

An electron beam of 800 KVP will penetrate only 
approximately 2.5 mm. of milk. This posed severe re- 
strictions on the construction of the irradiation vessel. 
A rigid cover, able to withstand the atmospheric pres- 
sure outside with vacuum the would 
absorb most of the energy of the electrons. Also, a 
considerable velocity gradient would exist in a milk 
stream three millimeters thick flowing on a solid sur- 
face, and this would prevent the application of a 
uniform dose throughout its cross-section. Therefore, 
the concept of irradiation under vacuum in a closed 
vessel had to be abandoned with the particular elec- 
tron accelerator under discussion. Instead, the proc- 
esses of irradiation and of removal of volatiles were 


inside vessel, 
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separated into two distinct phases. The milk was first 
irradiated at atmospheric pressure while under a 
helium blanket and then drawn into a flashchamber 
for the removal of volatiles while being boiled under 
vacuum. 


APPARATUS 

Figure 1 is a block diagram showing the principle for the 
arrangement which was developed. The milk flows in a closed 
system through the irradiation chamber to the flash evaporator 
for the removal of odors, through the circulation pump and the 
heat exchanger, which compensates for the heat losses of the 
evaporation, and back to the irradiation chamber. The 
containing the off-odors are recovered as condensate from the 
Make-up water is fed into the system to maintain a 

milk volume. Figure 2 presents the arrangement in 
more detail. 

A spray nozzle, 1, which contains an arrangement of stain 
less steel fins, to assure uniform flow, emits a spray of milk 
approximately 3 mm. thick into a funnel-shaped intake, 3. This 
spray transverses the electron beam of about 4-in. diameter 
which leaves the window, 2, of the 800 KVP Resonant Trans 


vapors 


cooler. 


coustant 


former. This arrangement is enclosed in a reetangular stain 
warer 
vapors 
vacuul 
varoraror 
avTomaric 
vacve 
cous” 
| 
weater 
RECYCLE 
COmDENsaTE 
Figure 1. Diagram showing the principle of the apparatus 
developed. 
Cy 
| 4 } O 
| 10 
| u ~ 
| 3 
‘|! 12 
1 
Steam il 


of the apparatus. 


| 
* 
4 
| Figure 2. Detailed diagram 
Sea 4 


@ In meat packing, baking, the making of dairy products or the proc- 
essing of any fine foods, you probably take high quality suppliers for 
granted. You can—with Diamond Crystal. 
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less steel box, 1, through which a stream of helium flows under 
4 pressure head of about one inch of water so as to maintain 
an oxygen-free atmosphere. An aluminum foil of one mil. 
thickness admits radiation from the window, 2, with little loss 
of energy. 

The funnel receiving the irradiated milk continues into a 
vertical standpipe of 1.5-in. tubing, 3, which is ealeulated to 
give a holding time of 2 seconds when milk is pumped at a rate 
of 5 g.p.m. through the system. 

A level transmitter, set to maintain constant level between 
0-20 in. (milk), is connected to the bottom of this capacity 
pipe through 4-in. stainless steel tubing. Distilled water flows 
from the measuring tank, 6, through a Rotameter, 7, and the 
level transmitter into the pipe, 3, and serves the double purpose 
of keeping the transmitter free from milk and of supplying 
make-up water to replace the condensate which is being distilled 
off. The impulse of the level transmitter is carried to the level 
control instrument, 8, which in turn activates the diaphragm 
valve, 

Through this system, milk is drawn by vacuum into the 
Hashchamber, 10. This consists of a stainless steel eylinder of 
12-in. diameter with conical bottom. Some of the volatiles are 
removed by flash evaporation; the remainder of milk is returned 
through a sanitary Moyno pump, 11, through a heater, 12, back 
into the radiation vessel, 1. The heater consists of a coil 30 
feet long by “%4-in. OD stainless steel tubing, with a heating 
surface of 6 sq. ft. One and five-tenths of a gallon of double 
concentrated milk are circulated through this system. By main 
taining a temperature of about 50°C. during’ irradiation, 
evaporation of 190 ml./min. (3 g.p.h.) at approximately 55 mm. 
Hg can be maintained which will cause « temperature drop of 
about 6° C. in the milk returning from the flash ehamber. 

The heating coil, 12, is immersed in a water bath, heated by 
This coil is actuated by a temperature regulator 
which controls the steam valve. Under the experimental con 
ditions outlined above, the reheating of the milk to 50° C. ean 
be accomplished by maintaining a temperature of 72° C. in the 
bath. 

Vapors are condensed by a tubular condenser, 13, which is 
cooled by tap water. Vacuum is maintained through a eartesian 
monostat, 14, and vacuum pump, 15. Condensate is earried 
through the concrete shield, 16, Rotameter, 17, and reeeiver, 18, 
whieh is connected by tubing with the vacuum system. 


a steam coil. 


Both measuring tank, 6, and receiver, 18, are graduated and 
by cheek of flow rate through rotameters, 7, 17, as well as by 
total volume in both tanks, the volume of cireulating milk 
is maintained in balance until the required dose is reeeived 
Thermocouples are installed in the water bath, 12, as well as 
in the intake and outlet of the heating coil, connected with a 
multi-point recorder, 19, for observation outside the shield. 


DOSIMETRIC METHODS OF EVALUATION 


Use of conventional chemical methods of dosimetry 
such as ferrous sulfate or dyes is difficult due to teeh- 
nical reasons, since, under the experimental conditions 
(of 5 g.p.m. in order to produce the proper spray) the 
positive displacement pump (Moyno) developed too 
much friction with such non-lubricating liquids. 

Previous work has indicated that a good correlation 
existed between the browning reaction of irradiated 
milk and dose (1). It was therefore believed that this 
method would be most appropriate for this particular 
purpose. A total dose of 1.86 x 10° rad was to be ab- 
sorbed by the milk during 30-130 passes through the 
electron beam. Runs were made using 7 liters of 
homogenized milk, circulated through the system at 
5 g.p.m. Application of 1.86 x 10° rad was found to 
require 18 minutes when a beam current of 0.95 mA 
was applied. Within the time limit studied, i.e., 10-40 
minutes at beam currents of 0.5-1 mA, a linear rela 
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tionship was observed of these two parameters which 
can be expressed as: 
Minutes = (76.5—52) X mA beam current. 

The validity of using the browning reaction for 
dosimetry is supported by the following considera- 
tions: By radiating conventional dosimeters on a con- 
veyor belt traveling across the electron beam, it was 
found that a conveyor speed of 8.4 ft./min. was re- 
quired to obtain a dose of 1.86 x 16° rad. Considering 
that electrons of 800 KVP will penetrate approxi- 
mately 2.5 mm. of milk and that only two-thirds of 
the beam cross-section is absorbed by the milk, one 
finds, for the conditions of 0.95 mA beam current and 
18 minutes’ exposure, that 7.8 liters of milk will re 
ceive the required dose of 1.86 x 10° rad. The total 
volume of milk circulating in the system is 7.0 liters. 
A slight loss of potential by the electrons when pass 
ing through the window material of the irradiation 
chamber, may account for this difference of 7.8 vs. 
7.0 liters. 

Dose rates up to 10° rad per minute can be applied 
with the 8 KVP Resonant Transformer under these 
experimental conditions. None of the plastie films 
used on the window of the radiation chamber was 
found to be resistant enough under these conditions of 
radiation, since the actual dose received at the window 
is in the billion rad range. Neither mylar nor poly 
ethylene films remained stable. Aluminum sheets of 
one mil. thickness were then used and found to with 
stand radiation energies as used in these experiments. 


CONCLUSIONS 

The feasibility of irradiating milk with high energy 
electrons under conditions which permit the control 
of off-flavors has been shown. The apparatus described 
herein was designed to produce data similar to those 
previously obtained with gamma rays. It was not 
designed, however, to represent the final solution to 
the problem of milk sterilization. The arrangement 
of collecting a dose of approximately two million rad 
by repeated passage through the field was necessitated 
by the relatively low power output available with the 
800 KVP aecelerator and should not be taken as a final 
solution. 

It was found that the increase in radiation energy 
from 5000 rad/min. to 100,000 rad min. did not re 
quire proportional increases in evaporation rates and 
it is believed that the increase from 0.8 to 2.2 ml. /ml.h 
might be further diminished by a more thorough 
knowledge of processing conditions. Experiments car 
ried out with raw milk showed that, as expected, no 
sterilization was achieved when a total of 1.86 x 10° 
rad was absorbed. Pre-sterilization of the apparatus 
With steam would not change this situation. It is 
hoped, at a later time, that the apparatus can be re 
constructed on similar principles to permit irradiation 
that might lead to sterile milk 
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Effects of Environmental and Processing Factors 
on the Citral Content of Lemon Oil’ 


(Manuscript received July 2!, 1958) 


Tue DISCOVERIES in this laboratory 
(8) and in the laboratory of the Canadian Depart- 
ment of National Health and Welfare (6) of specific 
methods of analysis for citral have made available 
much needed tools for the objective evaluation of the 
quality of lemon oils and lemon products and for 
following the effects exerted by agronomie and 
processing variables on the citral content of these 
products. In the past, citral determinations on lemon 
oils were based on a total carbonyl analysis either 
with phenylhydrazine or with hydroxylamine (4) 
both of which methods are nonspecifie toward indi- 
vidual aldehydes and ketones. Although other com- 
pounds (viz., aldehydes, ketones, esters and alcohols ) 
(3) contribute to the natural aroma of lemons, citral 
is recognized as the most important component and 
is generally assumed to represent about 80% of the 
total carbonyl content of the peel oil. The specific 
citral method developed in our laboratory employs a 
vanillin-piperidine reagent mixture for the develop- 
ment of a green complex which appears to be specific 
for the alpha-beta unsaturated terpene aldehydes 
and ketones. Color intensity is proportional to citral 
concentration and can be measured conveniently with 
a speetrophotometer at 605 mp. A simple colorimeter 
equipped with a filter giving maximum transmission 
above 590 my should be adequate, although such 
equipment was not used in our experiments. 

Lemon oil oceurs in small ductless saes imbedded 
in the colored surface or ‘‘flavedo’’ layer of the peel. 
When the peel is compressed, twisted, or the surface 
is punctured or rasped the oil is released. Commer- 
cially, the oil is recovered as a water emulsion fol- 
lowed by centrifugation. Although there are many 
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methods for recovering the oil emulsion from the 
fruit, this paper will be concerned only with the screw 
press process in which spent peel halves are passed 
through a horizontal tapered serew which rotates 
within a close fitting cone having perforations along 
the bottom. The peel in passing through the screw is 
crushed, pressed against the perforations, and ex- 
pelled from the apex end of the cone; the oil emul- 
sion passes through the holes in the cone and is col- 
lected separately. The oil emulsion is separated with 
a centrifuge (sludger) operating at 6,000—8,000 r.p.m. 
and the recovered oil phase clarified in a centrifuge 
(polisher) at 16,000-18,000 r.p.m. (3). Finally, waxes 
are removed by holding the oil at reduced tempera- 
ture (winterizing) and then centrifuging off the de- 
posit that is thrown down. 

Citral losses have been attributed to all stages of 
processing although the actual values have not been 
determined analytically. No determinations of citral 
or total carbonyl in the oil in the fruit have been made 
previously because no satisfactory method of analysis 
has been available. Kesterson (5) has shown with 
orange oil that excess water wash in the initial extrac- 
tion step results in lower total carbonyl content both 
by comparing 4 types of extraction and by modifying 
water to recovered oil ratios in the same extractors. 
Guenther (2) has stated that the quality of citrus oils 
is affected by the amount of wash water used in the 
extraction step. These losses cannot be explained 
strictly on the basis of a distribution coefficient effect 
for citral and the Cy-C,, saturated aliphatic alde- 
hydes, .¢., between water and the terpene hydrocar- 
bon mixture which makes up approximately 90% of 
lemon oil. A selective surface adsorptive activity in 
the emulsion system might cause losses in carbonyls 
but so far as we know this has not been investigated. 
Berlin, Davankov, and Kalliopin (1) have demon- 


Pac. ‘ 
4 
: 
fiz 
sae 
wae 
| 


CITRAL CONTENT OF LEMON OIL 


strated that the addition of emulsifier increases the 
rate of oxidation of camphene in a non-homogeneous 
aqueous system. Similarly, the air oxidation of citral 
in lemon oil should be affected by emulsification. 
However, it is hard to explain how, in a system where 
water is already in huge excess, further increases in 
water can have such a profound effect. 

Although no substantiating data are available it has 
been assumed generally that evaporative or oxidative 
losses in carbonyls occur in the sludging, polishing 


and dewaxing processing steps as well as in the initial 


extraction step. 

This paper presents citral data, determined by the 
vanillin-piperidine method, collected order to 
establish the actual losses in citral in the various 
processing stages from the fruit to the finished oil. 
An attempt also was made to determine in model 
systems the effects of certain individual components 
in the juice and, to a limited extent, the effects of 
cultural factors on the citral content of the oil in the 
fruit and in the finished oil. 


METHODS 


Analyses for ecitral in oil samples by the vanillin-piperidine 
method (&) were made by allowing a 2 ml. aliquot of a suitable 
dilution of the oil in commercial absolute methanol or ethanol 
(500/1 dilution is generally adequate) to reaet at room tem 
perature with 4 ml. of a freshly prepared mixture of equal 
volumes of 1 molar vanillin and 7% v/v piperidine in commer 
cial absolute methanol or ethanol. After 55 minutes the ab 
sorbanee was determined at 605 mua in a 1 em. borosilicate 
cuvette with a DU speetrophotometer. The per cent citral 
was calculated from a standard curve obtained with a specially 
purified sample of citral. 

For determining the citral content of oil in the peel of indi 
vidual fruits, oil is collected from sections of the peel in the 
following manner. A 2 in. square piece of aluminum foil is 
laid across the top of a tared weighing bottle (having an 
outside cap) and a hole the size of the top of the weighing 
hottle is punched through the foil so that the turned-down 
edges press against the inner walls of the weighing bottle and 
hold the foil in place. This foil collar prevents oil from spat 
tering on the lip and outer walls of the bottle. Sections of the 
peel approximately ‘4 by 4 in. are eut away from the fleshy 
part of the fruit without releasing juices from the flesh, if 
possible. The surface of the peel is wiped with tissue or a 
dry eloth and the peel is twisted with the flavedo side over 
the weighing bottle so that the oil sprays into the bottle. The 
peel is held slightly to the side of the bottle so that liquid 
dripping from the inner surface of the peel does not fall into 
the sample. The foil is then disearded and the bottle is imme 
diately capped and weighed. 

The sample is washed with commercial absolute methanol 
or ethanol into a 10-ml. volumetrie flask and diluted to volume. 
One or two ml, aliquots of this solution are then used for the 
citral determination. For samples weighing less than 10 mg. 
a 2-ml. aliquot is used and for samples weighing from 10 to 


30 mg. a l-ml. aliquot is used. 


RESULTS AND DISCUSSION 


Analyses of oil in the peel obtained from different 
portions of the same fruit indicated wide and ran 
dom variations over the fruit surface (Table 1 
Subsequently, all analyses on individual fruits were 
run on oil obtained from the equatorial belt. Wid 
variations in citral content were observed also for 
fruit picked from the same tree to fit the same ring 
size. There was no apparent correlation with ma- 


TABLE 1 


Citral content of lemon peel oil hand-expressed from 
segments of fruit peel 


Citral, % by vanillin-piperidine method ) 
Section sampled 
‘ruit 1 Fruit 2 Fruit 3 


Stem end 41.65 3.58 
Equatorial belt 4.23 2.54 
Stylar end 3.9 2.50 


turity among these samples (color grades: dark 
llowever, a 
sufficiently large sampling within each color grade 


green, light green, silver and tree ripe). 


might show some correlation. This wide variation in 
data on individual fruits may be in part the fault of 
the method of recovering the oil sample. Conse- 
quently, probably only vross differences obtained by 
averaging a large number of samples are significant. 
The fruit collected for maturity comparisons were 
taken from a grove in the Corona area (inland, semi- 
arid conditions) and from two groves in the Ventura 
One of the Ventura 
groves was a 25-year-old planting, the other a 5-year- 


area (coastal, humid conditions 


old planting; the Corona grove was about 40 years 
old. Now, if the combined data for all of the fruit 
from the three groves is considered there does appear 
to be correlation of citral content with growing area 
(¢.f., Table 2). It is clearly apparent that the citral 
content of the oil in the fruit from the coastal groves 
is much higher than from the inland, arid region. 


TABLE 2 


Citral content of hand-expressed lemon peei oil from 
California coastal and inland areas 


Geographica ge of grove No. of fruit Citral, % 


region ears prox sampled kk 
tange 


Corona (inland) 


Ventura (coastal) 


Ventura (coastal) 15 


The effect of growing area is further demonstrated 
in Table 3 where data are summarized for domestic 
lemon oils from four growing areas in the southwest. 
These oils were processed in December, 1957 by the 
same plant presumably under identical conditions. 
The citral content of the lemon oil from arid inland 
regions is distinctly lower than that of oil from the 
more humid coastal areas. The total carbonyl values 
(phenylhydrazine method (4) caleulated as citral) 
and the corresponding ratios of citral to total ear 


bonyl calculated as citral are also given in Table 3. 


TABLE 3 
Citral content of processed lemon oils—effect of growing area 


Ratio: citral 


total 
carbonyl 


Ventura, 
Fullerton, Cal 
San Joaquin, Cal 
Yuma, Ariz 
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2.07 
1.62 
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Tota 
(;rowing area carbony Citral ; 
16 2.42 O.77 
74 1.08 ORO 
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When sufficient data have been collected this ratio 
may prove to be a useful quality index for lemon oils. 

Poore (7) has presented data demonstrating a simi- 
lar relationship between total carbonyl content and 
the geographical location of the groves. Lemon oils 
from the humid coastal areas consistently ran higher 
in total carbony! than oils from the more arid regions. 

Unfortunately, there appears to be an inverse re- 
lationship between total carbonyl content and the 
optical rotation of domestic lemon oils. Oils having 
particularly high carbonyl content generally do not 
meet the U. S. Pharmacopoeia requirements (9) for 
optical rotation. The actual citral content also follows 
this trend as shown in Table 4 where two extremes 
are compared with a sample of lemon oil having 
average optical rotation. The high rotation oil con- 
tained only 1° citral whereas the low rotation oil 
contained 2.3% 


TABLE 4 


Relationship of citral content to optical rotation 
of California lemon oil 


Optical rotation Total 
a? Citral earbonyl 
as citral 
% % 
+51.58 2.27 3.55 
+58.8 1.77 2.95 
+80.9 1.00 1.44 


Approximately a 25¢¢ loss in citral was observed 
to occur during lemon oil processing under ideal con- 
ditions. In one example the citral content of oil col- 
lected by hand expression from seven lemons (pooled 
for the analysis) selected at random from a process- 
ing run was found to be 3.2% whereas the citral con- 
tent of the processed oil was 2.4%. Under less favor- 
able conditions the losses probably approach 50%. 
Kesterson reports (5) that in a Florida plant process- 
ing orange oil a reduction in the amount of water 
added in the extraction step resulted in a 52% in- 
crease in the total aldehyde content of the processed 
oil. 

An investigation was made to determine what the 
losses in citral content actually are in the various 
stages of a typical lemon oil run. Raw lemon oil was 
sampled and then run through the recleaning and 
dewaxing (winterizing) steps and samples removed 
at each step for analysis. From the results sum- 
marized in Table 5 it appears that there is no appreei- 
able loss in citral in these operations. The preceding 
step in the process, the initial slow-speed centrifuga- 
tion (sludging) was next examined by diverting 
emulsion from the screw presses to two sludgers, one 


TABLE 5 


Effect of recleaning and dewaxing steps on citral content 
of lemon oil 


Total Ratio: citral 
Sample carbonyl Citral 
as citral total 


carbonyl 


Raw lemon oil from sludger Los 2 63 O85 
Sample above recleaned O84 
Sample above dewaxed 1.08 O.R4 


TABLE 6 


Effect of open and closed sludgers on citral content 
of lemon oils 


Emulsion treatment Citral 

; 

Open sludger followed by Westphalia polisher............................. 2.66 
Hermetically sealed sludger followed by Westphalia polisher... 2.66 


an open sludger and the other a hermetically sealed 
unit. The two oil phases were then passed through a 
Westphalia polisher centrifuge and analyzed for 
citral. The citral contents of the two oils were identi- 
cal (Table 6). Evidently the residence time of the 
oils in the centrifuges is so short that citral losses by 
evaporation or by exposure to air are negligible. 
From the results in Table 5 and 6 it is evident that 
the major citral losses must occur in processing dur- 
ing the initial extraction step in the screw press 
process when the oil as fine droplets or emulsion is 
in intimate contact with pulp and juice components. 

Some of the individual components of the juice and 
selected materials were then contacted with samples 
of lemon oil in the laboratory as model systems to 
determine their effects singly on the citral content of 
lemon oils. The treatments ineluded shaking the oil 
with water, with 1% citric acid solution, and with 
5% sodium chloride solution, contacting the oil in a 
blender at low speeds with water and with 1% citric 
acid solution containing 0.2% glutamic acid. The re- 
sults summarized in Table 7 show that under the 
physical conditions used in the laboratory test none 
of the materials tested appreciably affected the citral 
content of the oil. In a separate experiment in which 
a sample of lemon oil was shaken with four fresh 
batches of five times its volume of water followed 
between each treatment by centrifugation through a 
laboratory scale Westphalia polisher no significant 
change was observed in the citral content of the oil 
(Table 8). 

TABLE 7 
Model systems 
Effect of various treatments on citral content of lemon oil 


Treated oil Control 
Oil treatment Total Citral Total Citral 
carbonyl carbonyl 
% % 
(1) Shaken with 3 vol. water 3.19 2.67 $08 2.635 
(2) 3 vol. water, in blender 
low speed, 30 min.......... . 3.37 2.56 4.08 2.6 
(3) Shaken with % vol. 5% 
NaCl 3.12 2.68 2.63 
(4) Shaken with 3 vol. 1% 
citric acid......... $.15 2.69 2.63 
(5) 5 vol. 1% citric acid sol 
containing 0.2% glutamic 
acid, blender, low speed 
sO min........ 2.43 2.44 
TABLE 8 
Effect of successive water washes on citral content of lemon oil 
Total 
Oil sample earbony! Citral 


as citral 

Original oil (A)....... 3.12 
(A) Shaken with 5 vol. water (B).. 
(B) Shaken with 5 vol. water (C).. 

(C) Shaken with 5 vol. water (D).. sesil 

(D) Shaken with 5 vol. water. o 3.17 


' 
a 


CITRAL CONTENT OF LEMON OIL 99 


SUMMARY AND CONCLUSIONS 


The evidence gathered in this study on the actual 
citral content of oils from individual lemons and of 
processed lemon oils confirms the observation made 
earlier by Poore (9) viz., that the total carbonyl con- 
tent consistently runs higher in processed oils from 
the coastal area than in oils from the arid inland 
areas. 

In commercial lemon oil production only negligible 
losses in citral occur in the sludging, polishing and 
dewaxing steps. The major loss which may be as 
high as 50% under unfavorable conditions oceurs 
during the expression of the water and oil emulsion 
from the peel. Tests with water and water solutions 
of citrie acid, salt, glutamic acid, and exposure dur- 
ing these tests of the mixtures to air in the laboratory 
have eliminated these components of the juices as 
individual agents responsible for losses in citral. The 
effect exerted by excess water in the serew press 
process apparently is not a simple partition phe- 
nomenon but somehow involves materials in the juice 
and pulp other than those mentioned which have 
specific affinities toward the carbonyl compounds. It 
is not known whether this is a simple adsorption 
process, requires the formation of an intermediate 
complex with other materials or involves enzymatic 
action. 
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Studies on the Freezing and Defrosting of Cakes: 


J. W. Pence and Max Hanamoto 


Anoxe BAKERY PRODUCTS that are 
successfully freer on a commercial scale for delayed 
marketing, ~s probably rank second only to pies 
of all kinds i amounts processed in this manner 
Several reports (f, 2, 4, 6, 11) attest to the relative 
tolerance cakes have toward variations in freezing 
and defrosting practices that are so important with 
bread and related items (7, 8). Good results appear 
to be obtained with a rather wide range of freezing, 
storage, or defrosting conditions. However, little in 
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formation of a critical nature has been published to 
show whether variations in these factors may have 
detectable or even significant effects on quality 
features of the final product. Moreover, only limited 
information has been published to show how fast 
cakes of various types will freeze or defrost under a 
variety of temperature, icing, and packaging condi 
tions. As the volume of frozen bakery products in 
creases and as the sizes of freezing installations in 
crease from year to year, the need for detailed infor 
mation on a wide variety of frozen products also 
Increases 

The present report gives time-temperature results 
for the freezing and defrosting of several types of 
cake obtained under a variety of experimental condi 
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tions considered to be representative of major com- 
mercial interest. Effects of temperature, air velocity, 
and packaging are presented and discussed for iced 
and plain chocolate or yellow layer cakes, angel food, 
chiffon, and pound cakes. Observations were also 
made on the effects of slow and fast freezing on qual- 
ity characteristics of the cakes. 


MATERIALS AND METHODS 


For the most part, cakes were commercially produced and 
selected to represent the major basic types normally encoun 
tered in commercial operations. All were relatively high-ratio 
or otherwise sufficiently rich in formulation that they would 
be considered as medium to high quality representatives of 
their types. Most of the eakes were obtained from a_ single 
retail bakery within 2 to 3 hours after baking. Some of those 
used for taste-panel comparisons were prepared in our own 
laboratory from the same or closely similar formulas, 

Most of the work with layer eaxkes was conducted with 
standard 7-ineh layers, although some results were also ob- 
tuined with S-ineh and 10-ineh layers. Lleings were typical 
butter-cream and chocolate fudge types. Angel food and 
chiffon exkes were baked in 9-inch tube pans and not iced, A 
few observations were also made with 6-ineh angel food cakes 
baked in tube pans. Pound cakes were sealed at 14 ounces of 
batter and baked in corrugated glassine pan liners to yield a 
finished eake measuring about 7 x 34% x about 2% inches high. 
In «a few instances pound cakes were baked in reetangular 
ajluminum-foil pans of approximately the same size. 

Cellophane used for wrapping was a standard 300 MST-51, 
heat-sealing and moisture-resistant grade of transparent film. 
Paperboard boxes were of bleached, printed stock and of the 
following dimensions (in inehes) for the various sizes of 
cakes: 


W H 
7-inch layer cakes 7% 7% ble 
S-ineh layer enkes 9 9 al, 
angel food eakes 7% 7% bl 
0-ineh angel food and 

chiffon cakes 
Pound eakes 7% 4% 


Temperature measurements inside the cakes were made by 
means of thermocouples and an automatic reeording potenti- 
ometer, as deseribed previously (7). In layer cakes, thermo- 
couples were placed at central points within and between the 
two layers as illustrated in Figure 1. In peund eakes, dupli 
eate thermocouples were inserted as near as possible to the 
eenter of the reetangular loaves. In angel food and chiffon 
cakes, one thermocouple was inserted as near as possible to 
the center of the ring of eake and another in an equivalent 
position in the opposite half of the cake. The time-temperature 
eurves presented or from which data were tabulated are com 
posite curves of 2 to 4 separate runs in each of whieh dupli 
ente cakes were run, 

The freezing and defrosting equipment used was also 
deseribed previously (?, 9) exeept for the experiments in 
Which so ealled still air was used. For these runs the cakes 
were placed cold rooms maintained automatically within 
+ 2° F. of the specified tempertaure. Air movement was just 
sufficient to maintain uniformity of temperature within the 
room and was estimated to be appreciably less than 100 linear 
feet per minute at the location of the exkes being frozen. In 
defrosting, only one air velocity was used; this amounted to 
approximately 150 feet per minute, as measured in the empty 
chamber with a pinwheel anemometer. All eakes were equili- 
brated to O° FP. before defrosting experiments were begun. 

Organoleptic comparisons were made by a trained, non 
expert panel, Samples were ranked in order of freshness with 
respeet to texture and/or flavor. Results were evaluated by 
Dunean’s multiple range test (5) using a 5% level of 
significance. 


Figure 1. Bottom: Thermocouples placed and held in posi- 
tion at the center of each layer and between the layers. Top: 
The cake re-assembled and held together with plastic screen. 


RESULTS 


Beeause the information collected was so voluminous, a 
presentation in the form of a few illustrative time-temperature 
curves plus tables grouped according to freezing and defrost 
ing conditions and to cake type was seleeted as perhaps the 
most efficient. Not all of the experimental variations were 
studied with each type of cake. The variations pertaining to 
each experiment are listed in the individual figures and their 
legends or in the tables. In layer cakes, only the temperatures 
at the center of the eake, between the layers, are reported. In 
general, however, the top layer cooled slightly faster than the 
bottom layer and both layers cooled faster than the point 
between the layers, us would be expected. 

Freezing rates and times under various conditions. Figures 
2 and 3 show the results obtained with iced and plain layer 
cakes, angel food, and pound eakes in a —20° F. freezer using 
about 650 f.p.m. air velocity. At these relatively rapid rates 
of freezing, the curves for most of the cakes are smooth, and 
show little evidence of passage through a zone of liberation 
of latent heat of fusion. Two of the curves in Figure 2 show 
some evidence of freezing points at either or both 3° F. and 
9° to 10° F. In both cases, however, the thermocouples were 
imbedded in the icing between the layers of cake, so that the 
inflections may not be a true refleetion of changes occurring 
in the eake erumb. Clear evidence of freezing zones and of 
recovery from supercooling will be seen later. 

Several other features of interest are illustrated in Figures 
and 3. The relatively small effeet of the fairly snug cello 
phane wrap on the cooling rates of plain cakes is less than 
expected from results obtained previously with wrapped and 
unwrapped bread during freezing with low and medium ve 
locity air (about 150 and 700 f.p.m.) (7). The larger effect 
due to packaging in paperboard boxes is more in line with 
expectations. Teings on eakes generally impeded heat flow to 
approximately the same extent as paperboard boxes, although 
subsequent data illustrate the correspondence better. The 


cream type icing was consistently a better insulator than the 
fudge icing. 

Under comparable conditions the smaller but more dense 
pound eakes (Figure 3) cooled more slowly than the layer 
cakes and at about the same rate as the still larger and less 
dense angel food cakes, excepting only when the latter were 
enclosed in a paperboard box, 
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Cake Mixes * Prepared Icings * Puddings 
Cookie Mixes * Beverage Powders 


Dessert Powders * Coatings * Toppings 
Candies * Syrups * Cremes 
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70 70 
Unwropped Fuage Layer Cake 
Plain » Unwrapped 
p- 4 Butter Cream Icing @ Paperboard Box 
Fudge Icing > 
c 8 Fudge /ced Layer Cake 
2 4 Butter Cream Icing 
40r Fudge Icing  Fuage /ced Layer Cake 
4 
3 
5% WAS 
= = 
fe Time in Hours Time in Hours 
Figure 2. Cooling curves for 7-inch layer cakes in freezer Figure 4. Cooling curves for layer cakes of different sizes 
held at —20° F. and with about 650 f.p.m. air velocity. in freezer held at —20° F. and with about 650 f.p.m. air velocity. 


definitely faster than across even a small air space between the 


70 
©-Unwrapped © Unwrapped or eake surface and the wrapper. 
7 ©-Cellophane Over wrap Glassine Pan Liner In Figure 4, the increasing size of the different layer cakes 
d 6OF @-Paperboard Box @ Aluminum Foil Pan slowed cooling to a degree proportional to cake size. In fact, 
c and Cover the cooling time from 70° to 0 F., was direetly proportional 
=... a Glassine Pon Liner ana to the square of the diameter 
Ned ©-Cellophane Overwrap Cooling curves for the various cukes under other tempera 
2 @-Paperboard Box tures and air flow conditions, in general, are quite similar to 
S 40r = those shown in Figures 2 to 4. Therefore, the remainder of 
4 the results collected are presented in tabular form, Tables 1 
e 30 a and 2 list freezing times for the various cukes in freezers main 
= tained at —20° F., with two rates of air flow (less than 100 
~ 20 f.p.m. and about 650° f.p.m. Tables 3 and 4 give similar 
aren - data for freezers maintained at O° F. and using the same high 
S and low air velocities. Freezing times are given for the terminal 
O 10 L temperatures of 10° and O° F. in Tables 1 and 2 in order to 
show the drastic slowing in freezing rate as the freezing 
B ‘ | gradient became small and as heat of fusion effects beeame 
a | 2 30 - operative. For Tables 3 and 4 the terminal temperature of 
Time in Hours 5° F. was used in place of 0° F. because of the obvious im 
practicability of measuring the time required for the produet 
Figure 3. Cooling curves for 9-inch angel food (left) and center-temperature to become equal to the freezer temperature. 
pound cakes (right) in freezer held at —20° F. and with about Cooling times for the yarious cakes were significantly in 
650 f.p.m. air velocity. creased either by the decrease in the rate of air flow or by 
the increase in freezer temperature hese effects were greater 
for the increase in freezer temperature, but all were some 
‘ Attention should be called to the fact that cooling rates for what erratic, specially in cooling times to below 10° F. Cool 
pound cakes baked in aluminum foil pans without a pan liner ing times in the temperature region between O° and 10° F., 
were almost identical to cakes with no covering whatsoever or often were lengthened by liberation of the heat of fusion. 
with the snug-fitting glassine pan liners. In other words, heat The observation that packaged cakes cooled significantly 
flow through snug-fitting wrapping or packaging materials is faster at the higher air velocity is somewhat surprising. This 
TABLE 
imes requi es center temperatures) in a 
= uired to cool cakes from 70° F. to 10° F. and to 0° F. (center temperat 
freezer maintained at —20° F., and with about 650 f.p.m. air velocity 
tol 70 tool 
Cake ty ay and Wrapping or icing conditions 
int Hr M Hr Min 
T-inch layer Plain, unwrapped 
7-inch layer Plain, cellophane wrapped l 
7-inch layer Plain, paperboard box 17 
7-inch layer Butter-cream icing, unwrapped 2 ” a 
7-ineh layer Butter-cream icing, paperboard box ; ‘ i 16 
7-inch layer Fudge icing, unwrapped 1 in 
7-inch layer Fudge icing, paperboard box ) 
8-inch layer Fudge icing, unwrapped 2 
§-inch layer Fudge icing, paperboard box ; i 
9-inch angel food Unwrapped 1 
9-inch angel food Cellophane overwrap 1 ! 6 
9-inch angel food Paperboard box 1 4 
Pound cake Unwrapped or glassine pan liner | x ! 6 
Pound cake Aluminum foil pan and cover 1 l 45 
Pound cake Glassine pan liner plus cellophane overwrap 1 4 4 
Pound cake Glassine pan-liner plus paperboard box 1 41 t2 
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TABLE 2 


Times required to cool cakes from 70° F. to 10° F. and to 0° F. (center temperatures) in a 
freezer maintained at - 20° F. and with less than 100 f.p.m. air velocity 


70° to 10° F, 
Wrapping or icing conditions 


Plain, unwrapped 

Plain, paperboard box 
Butter-cream icing, unw rapped 
Butter-cream icing, paperboard box 
Fudge icing, unwrapped 

Pudge icing, paperboard box 
Unwrapped 

Unwrapped 

Paperboard box 

Paperboard box 

Unwrapped or glassine pan liner 
Glassine pan liner plus paperboard box 


TABLE 3 


Times required to cool cakes from 70° F. to 10° F. and to 5° F. (center temperatures) in a 
freezer maintained at 0° F. and with about 650 f.p.m. air velocity 


i 70° to 10°F 
Cake type anc Wrapping or icing conditions 


Plain, unwrapped 
Plain, paperboard box 
Butter-cream icing, unw rapped 
Butter-cream icing, paperboard box 
Fudge icing, unwrapped 
Fudge icing, paperboard box 

ungel food Unwrapped 

gel food Paperboard box 
‘ound cake Unwrapped or glassine pan liner 
‘ound cake Glassine pan liner plus paperboard box 


TABLE 4 


Times required to cool cakes from 70° F. to 10° F. and to 5° F. (center temperatures) in a 
freezer maintained at 0° F. and with less than 100 f.p.m. air velocity 


k i 70° to 10° F, 
ake type anc Wrapping or icing conditions 


Plain, unwrapped 
Plain, paperboard box 
Butter-cream icing, unwrapped 
Butter-cream icing, paperboard box 
Fudge icing, unwrapped 
Pudge icing, paperboard box 
food Unwrapped 

| food Paperboard box 
Unwrapped or glassine pan liner 
CGilassine pan liner plus paperboard box 


~ 


would not have been predicted from studies conducted pre 
viously with wrapped bread (7) in whieh little difference was 
found between results obtained using air moving at about 200 
inl about 700 f.pam. It is possible that the liberation of latent 
heat generally observed during the freezing of bread may 
have caused the apparent differenee between packaged bread 


und eake in regard to the relationships of eooling rate to air 
With cakes, packaged or not, supereooling is nor 
mally rather persistent and latent zones are usually quite 


velocity. 


short if present at all. Disruption of smooth cooling curves 
may have exused the effeet of air velocity on wrapped bread 


to be missed, 


nm 


In number of instances cooling curves showing reeovery 
from supereooling provided information regarding possible 
freezing points for the eakes. A danger in acceptance of such 
evidence of a freezing point is illustrated in Figure 5 which 


Center Temperature in °F 


shows the individual eooling curves for angel food cakes in a 


ts rbourd box. The curves labeled 1 and 2 in Figure 5 were 
obtained from separate thermocouples in the same cake. 


The Time in Hours 


Thermocouples 3 and 4 were in another cake. recovers 


from supereooling shown by thermocouples 1 and 3 is mueh 


Figure 5. Cooling curves for two 9-inch angel food cakes in 
paperboard boxes in freezer held at 0° F. and with about 650 


attenuated and delayed, espeeially for thermocouple No, 1. 


It may be possible that non-uniformities in the eake erumb 
enused the erratic temperature behavior, but this is much less 


f.p.m. air velocity. Thermocouples 1 and 2 were placed in one 
cake and thermocouples 3 and 4 were in the other. 
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7 inch laver 2 28 4 26 
td. 7-inch layer 2 45 3 56 
7 inch laye 2 59 4 26 
7 ineh layer 41 5 12 
tavet 32 5 12 
(inch angel food 1 5 19 
+e inch angel food 2 26 4 20 
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FREEZING AND DEFROSTING OF CAKES 


likely than supereooling effects. The high sugar and soluble 
protein content of the small amount of free water in the cake 
crumb make supereooling a likely occurrence. However, if 
something should trigger crystallization at just the right 
istant in the immediate vicinity of the tiny thermocouple 
(30-gauge wire), a substantial temperature rise could occur. 
Crystallization in a region slightly inward or slightly outward 
from the thermocouple would be only partly refleeted by the 
response of the thermocouple and an attenuated or delayed 
temperature reeord would result. 

On the basis of inflections in cooling eurves for the various 
eakes, crude estimates of nominal freezing points can be 
listed as follows: 

Cake type Nominal freezing point, ° F. 
Chiffon 15 
Angel food l: 


2.5 
Yellow layer 3-5 
Pound 


Very likely these temperatures ean have little significanee with 
respect to connotations usually aseribed to freezing points of 
liquids or of dilute solutions, but they are useful to designate 
temperature regions in which cooling rates can be significantly 
affeeted by heat of fusion effects. It must also be empha 
sized that these nominal freezing points apply only to cakes 
having the same or closely similar composition to the ones used 
in the present study. 

Defrosting rates and times under various conditions. The 
illustrative defrosting curves for layer cakes in Figure 6 show 
approximately the same relationships with each other that were 
found in the freezing experiments, Figure 6. That is, pack 
aging a plain eake in a paperboard box delays defrosting 
about the same amount as putting an icing on the cake. Fudge 
icing delays defrosting less than the butter cream type. Un 
wrapped and paperboard packaged plain layer eakes require 
about the same time to defrost as the angel food eakes, whose 
eurves are shown in Figure 7. The paperboard box delayed 
defrosting of angel food cakes less than it did pound cakes in 
this particular experiment. 

Defrosting at 80° F. and with only gentle air movement 
(about 150 f.p.m. air) is the closest the experimental condi 
tions used came to average room conditions. While approxi 
mately 3 hours were necessary for the temperature at the 
center of the cakes to come up to 70 F., the cakes could ve ry 
well be considered satisfactorily defrosted in about half this 
tine. A center temperature near 50° F. probably would not 
be considered objectionable by most people and within a few 
minutes after slicing of a eake for serving the temperature 
of even the cool, central portions will rise to nearly the pre 


viailing room temperature. 


Unwrapped 


Plain 
Butter Cream Icing 
Fudge Icing 


Paperboard Box 
Plain 

Butter Cream Icing 
Fudge Icing 


Center Temperature in ‘F 


3 4 5 
Time in Hours 


Figure 6. Warming curves for 7-inch layer cakes at 80° F. 


and about 150 f.p.m. air velocity. 


Uwrapped 


@ Paperboard 
Box 


Center Temperature in °F 


Time in Hours 


Figure 7. Warming curves for 9-inch angel food (right) and 
pound cakes (left) at 80° F. and about 150 f.p.m. air velocity. 


Defrosting times of the various cakes under the tempera 
ture and air flow conditions used are shown in Tables 5-7. 
The defrosting times are accelerated a great deal more by a 
20° F. inerease in defrosting temperature from 80° F, to 
100° F. than for a similar inerease from 100 to 120° F., in 
spite of a greater temperature gradient, This is due to the in 
crease in air film resistance at the higher temperatures. For all 
of the eakes, inereasing the defrosting temperature from 
80° F. to 100° F. caused the defrosting time (to 70° F.) to 
be cut approximately in half. The increase in temperature from 
100° F. to 120° F. produced much smaller effects. The 100° F. 
lefrosting temperature is pretty close to a maximum tempera 
ture that most icings can tolerate before they become exces 
sively soft and will sag or run. Results at 120° F., therefore, 
were obtained only for the cakes without icings (Table 7). 

Freezing of pound cakes in shipping cartons. A simplifies 
tion of handling procedures, by packing cakes in shipping 
eartons before freezing, is obviously desirable in commercial 
freezing of cakes for wholesale distribution in the frozen state. 
Aside from the question as to whether the delayed freezing of 
the cakes would have a significant effect on quality, the princi 
pal consideration concerns just how much the freezing of the 
eakes would be delayed. Some information on this question is 
supplied by the folk 

Twelve pound-eakes 
were closed with laminates luminum-foil-waxed-paperboard 


Ving experiment 
bi 


ked in aluminum foil pans, which 
lids, were packed in cardboard shipping carton. 
The eakes were placed i rows, each containing 3 cakes, as 
indieated diagrammatically in Figure 8. The rows were sepa 
rated by means of corrugate ardboard inserts, but the eakes 
within each row we not mirated by any means other than 
about an inch of air space rmocouples were iserted into 
the eenter of each of the cxkes except the one in position 11 
(the 12th thermocouple available was suspended in the freezer 
itself to monitor the temperature prevailing during the test 

The carton was then placed on id wooden shelf within the 
cold room used as a freezer At least six inches of unobstructed 
space was provided on top of the carton. Results 
obtained ut a freezer tem ratul of 20 (at less than 


100 f.p.m,. air velocit 


are shown, in part, in Figure 8. <A 


similar run was made in a freezer held at 0° F. 

Cukes occupying | as would be expected, 
showed the fastest and cakes in positions 5 and 
8 at the center i art were the slowest to cool. The 
greatest difference i time for the fastest and the slowest cake 
to eool from 70° F. to 5° F.,° for example, in the 20° F. 
freezer was about 2 hours minutes. The greatest dif 

No particular si ‘ is intended to be attached to 
this temperature rang It is mere compromise selected to 
illustrate the overall difference between results obtained at the 
two freezer temperatures without using the obviously imprae 
tieal final temperature of 0 F. From a purely practical stand 
point comparisons at a final u tempereature of 10° F, 


might be most desirable. 


103 
60 
acl 
/ | 
40 / 
| 
nwrapped or | ° 
Issine ro ner | 
Cc Paperboard Box 
70 
60 
O 
40 
| 
40 
20) 
° 
a 
— 


FOOD TECHNOLOGY, FEBRUARY, 1959 


TABLE 5 


Times required to warm cakes from 0 F. to 50° F. and to 70° F. (center temperatures) 
cabinet maintained at 80° F. and with about 150 f.p.m. air velocity 


50°F 0 
Cake type and O° to 50° F to 70 


Wrapping or icing conditions 
size 


= 


7 inch layer Plain, unwrapped 
inch layer Plain, paperboard box 
inch layer Butter-cream icing, unwrapped 
7-inch layer Butter-cream icing, paperboard box 
7 inch layer Fudge icing, unwrapped 
7 inch layer Fudge icing, paperboard box 
angel food Unwrapped 
inch angel food Paperboard box 
Pound cake Unwrapped or glassine pan liner 
Pound cake Gilassine pan liner plus paperboard box 


TABLE 6 


Times required to warm cakes from 0 F. to 50 F. and to 70° F. (center temperatures) 
cabinet maintained at 100° F. and with about 150 f.p.m. air velocity 


Cake type and O° to 50°F 


Wrapping or icing conditions 
size 
inch layer Plain, unwrapped 
inch layer Plain, cellophane overwrap 
inch layer Plain, paperboard box 
inch layer Butter-cream icing, unwrapped 
ch layer Butter-cream icing, paperboard box 
eh layer Fudge icing, unwrapped 
ch layer Fudge icing, paperboard box 
ch layer Fudge icing, unwrapped 
ingh layer Fudge icing, paperboard box 


inch ange! food Unwrapped 


inch angel food Cellophane overwrap 


inch angel food Paperboard box 
‘ound cake Unwrapped or glassine pan liner 
‘ound cake Aluminum foil pan and lid 
Pound cake Glassine pan liner plus cellophane overwrap 
Pound cake Gilassine pan liner plus paperboard box 


te Sts 


TABLE 7 
required to warm cakes from 0 F. to 50° F. and to 70° F. (center temperatures) in a 
cabinet maintained at 120° F. and with about 150 f.p.m. air velocity 


Cake type and to 50°F 


Wrapping or icing conditions 
size 


inch angel food Unwrapped 


4 inch chiffon Unwrapped 


Winch angel food Paperboard box 

Hineh chiffon Paperboard box 


Pound cake Unwrapped or glassine pan liner 
Pound cake (ilassine pan liner plus paperboard box 


iin ference in time to cool from 70° to 5° F., in the O° FP. freezer 
was about 3 hours but the overall difference in time between 
the two freezers was about 4 hours (from about 444 to 7 
} hours total compared with about 8 to 11 hours total). Within 
the eartons themselves there was some graduation in cooling 


rate from top to bottom. Cakes in positions 1 and 3 cooled at 
almost identical rates. This was also true of cakes in positions 
10 and 12, but the latter pair cooled to 5° F. quite a bit more 
slowly than the former—approximately 1 hour in the —20° F. 
freezer and approximately 2 hours and 10 minutes in the 0° F. 
freezer. Differences between cakes in positions 4 and 6 and 
positions 7 and 9 were much smaller—only about 10 minutes 
in the —20° PF, freezer and about 30 minutes in the 0° FP. 
freezer. These differences in cooling rates from top to bottom 
within the cartons probably occurred as a result of develop 
ment of convection currents at the inside surface of the ear 
ton. Air cooled at these surfaces would tend to flow downward 
; 1 to produce lower temperatures at the bottom of the carton. 

3 4 5 6 7 8 9 : . : 
Time in Hours ; Effect of rate of freezing or defrosting on quality of cakes. 
When considering the rates of freezing and defrosting of 
Figure 8. Cooling curves, for pound cakes baked in alumi- bakery products, two ultimate factors are of primary im 
num foil pans and packed in corrugated cardboard shipping portance. Perhaps the more important is the effect variations 
carton in freezer held at —20° F. and with less than 100 f.p.m. in freezing or defrosting time may have upon the quality of 
air velocity. Inset shows placement of cakes within carton. cakes at the time they are to be eaten. The second pertains to 
Numbers identify position of cake and its cooling curve. economic factors—the size of installation necessary to freeze a 
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certain amount of merchandise, the refrigeration capacity re 
quired to freeze the merchandise at satisfactory rates, etc. 
The information presented thus far pertains more to the latter 
factor, but it all has little value without some information on 
the first factor. 

Cakes have generally been regarded as rather tolerant to 
variations in freezing and defrosting rates, but little experi 
mental information is available in the literature to verify the 
conclusion. In the present study, each of the types of cakes 
used was frozen rapidly (cooled to an internal temperature of 
0° F. within 2 hours), slowly (in 10 to 12 hours, for example), 
or at some intermediate rate, and then subjeeted to appraisal 
tests by a taste panel and, in some cases, by physical measure 
ments of firmness. In all the experiments defrosting was 
accomplished by allowing the frozen, wrapped cakes to stand 
4 to 5 hours at room temperature. 

With angel food and chiffon eakes, no significant difference 
in flavor, texture, or firmness could be found as a result of the 
slow or rapid freezing when the samples were compared with 
each other or with eontrol portions of the same eakes that had 
not been frozen. In these experiments the unfrozen control 
eakes were about 4 hours old and about 24 hours old at the 
time the comparisons were made. Tables & and 9 show the 
organoleptic results for texture judgments; flavor judgments 
were almost identical and differences were also non-significant 
Average firmness measurements (g. force required for 4 mm. 
compression) for the 2 types of cake were as follows: 


Angel food Chiffon 
Freshly baked 54.5 55.4 
24-hr. old 54.5 41.9 
Slowly frozen 57.5 53. 
Intermediately frozen $1.6 
Rapidly frozen 53.7 44.3 


No trends are present in these somewhat erratic firmness re 
sults and none of the differences are significant, probably 
because of the small number of readings that could be obtained 
from the samples available (4 in the case of angel food and 8 
for the chiffon eake experiment, which was run twiee). Pre 
viously reported and more comprehensive results (77) show 


TABLE 8 
Taste panel results for texture differences of angel food and 
chiffon cakes frozen slowly (11.5—13.5 hrs.), at an intermediate 
rate (4-11 hrs.) or rapidly (1.5-2 hrs.). Samples ranked in 
order of freshness. For angel food cakes, n = 9 and for chiffon 
n = 18, where n = number of judgments 


Slow rate Intermediate Rapid rate o 
of freezing rate of freezing freezing 
Angel food cake 


Total score 9 17 Is 
Mean score 11 2000 
Chiffon cake 

Total seore 


Mean score . 2.11 2.33 1.77 


'F value for treatment variances were non-significant (Table 4) 
mean separation techniques not applicable 


TABLE 9 
Analysis of variance for results shown in Table 8 


Sum of Degrees of Mean . 
Source of variation } 
squares freedom square 


Angel food cake 


Total 1s 27 
Treatment “1.22 2 O41 O15 0 
Residual (error) 17.7 25 0.71 

Chiffon cake 
Total 6 54 
Treatment 1.33 0.67 1.00 ns 
Residual (error) 14.67 52 0.67 


that angel food cakes do not increase significantly in firmness 
during the first day or two after baking, whether or not they 
are frozen, 


Pound cakes, on the other hand, were detectably influenced 
by freezing. Cakes that were frozen over a period of 10 to 12 
hours, held overnight at 0° F., and defrosted the next day 


could be reliably differentiated on the basis of texture from P 
freshly baked controls (4 hours after baking) and 24-hour-old * 
controls, but not from cakes frozen rapidly (1 to 2 hours) : 
before being stored overnight. Both frozen cakes were rated 5 
significantly less soft in texture than the 4-hour-old controls, Q 


but significantly softer in texture than the 24-hour-old controls. 
The rapidly frozen cakes could not be distinguished from the 
slowly frozen cakes. These results are illustrated in Tables 10 


and 11. Flavor judgments or firmness measurements were not 


made, 


TABLE 10 
Taste panel results for texture differences of pound cake and 
yellow layer cake frozen slowly (1.5—2 hrs.) or rapidly (10-12 
hrs.). Samples were ranked in order of freshness. For pound 
cakes n 52 and for yellow layer cakes n 46, where n 
number of judgments 


F rest s rate Rapid rate | 24-hr.-old 
ontrol if freezing of freezing control 


Pound cake 


Total score 74 1 1190 190 
Statistical significar 
ake 

Total sec 7 11¢ 5 152 
Mean score 207 vr 
Statistical significar 

Values not nd da significantly different from each other 


TABLE 11 
Analysis of variance for results shown in Table 10 


legrees of Mean 
iares eedom llare 


Source of var 


otal f 
Treatment l 4050 
Residual (error 127 

iver cake 
Total 
Treatment it 15.35 11.25 
Residual (errs 135 


Results obtained with vellow laver cakes were slightly dif 


ferent in that slowly frozen layers (10 to 12 hours) could not 


quite be distinguished from either rapidly frozen (1 to 2 


hours avers or from 4-hour old, freshly baked coutrols. Both 


the slowly amd the rapidly frozen cakes, however, were signifi 


cantly softer than the 24-hour old controls. 


Thus, rate of freezing had no signifieant effect on organo 


leptie properties of any of the cakes. Frozen pound cakes, 


however, were superior to day-old unfrozen cakes but inferior 


to freshly baked cakes. A point worthy of important emphasis 


is that freezing in ll eases preserved the freshness of cake 


better than standing only 24 hours at room femperature, 


DISCUSSION 


With respect to the experimental results a fact of 


primary importance is that the freezing and defrost 


ing curves and the freezing and defrosting times pre 


sented are composites, related Closely only to the 


particular cakes used in this study. The very large 


variety of shapes, sizes, and kinds of commercial 


cakes and the wide variation in icings and packages 
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used commercially make a comprehetsive measure- 
ment of freezing and defrosting rates prohibitive. A 
suffiicent number of cakes and freezing or defrosting 
conditions were employed in the present studies, how- 
ever, to allow commercial operators to make satis- 
factory estimates of the behavior of cakes of most 
sizes, shapes, ete. The freezing and defrosting curves 
obtained in the present study agree reasonably well 
with the few curves in the literature for cakes of 
similar size and kind and handled under similar con- 
ditions (2, 6). 

From a quality standpoint the rates at which cakes 
freeze or defrost were found to be much less im- 
portant than for other products, such as bread, but 
they are not unimportant. Storage 
studies currently being completed in this laboratory 
and to be published in a subsequent article show very 
definitely that the temperature at which cakes are 
stored after freezing has an important effect on qual- 
ity. Thus, although it is true that cakes are relatively 
tolerant to variations in freezing, defrosting, or stor- 
age conditions, best results during storage subsequent 
to freezing will be obtained only if the freezing is 
accomplished under the best conditions that ean be 


necessarily 


secured on a practical basis. 


SUMMARY AND CONCLUSIONS 
Time-temperature relationships for the freezing and 
defrosting of several types of cake were determined 
for a range of experimental conditions considered to 


be representative of commercial practice. Effects of 


temperature, air velocity, and packaging are pre- 
sented and discussed for iced and plain layer cakes, 
angel food, chiffon, and pound cakes. 

At both O° and F., 
f.p.m. as compared to less than 100 f.p.m.) reduced 
freezing times of unwrapped cakes to a much greater 
extent than for wrapped or packaged cakes. Snug 
cellophane, corrugated glassine, or aluminum foil 
packaging had less effect on freezing or defrosting 
rates than typical paperboard cake boxes. Icings on 
laver cakes prolonged freezing or defrosting times 
nearly as much as paperboard boxes. Butter-cream 


rapid air movement (650 


icings provided more effective insulation than fudge- 
type icings. Chiffon cakes froze and defrosted more 
slowly than angel-food cakes of the same size and 
un ler the same conditions. An increase in defrosting 
temperature from 80° to 100° F. shortened defrosting 
times by approximately half. A similar increase in 


defrosting temperature from 100° to 120° F. pro- 
duced a smaller effect. 

Flavor and texture qualities of cakes were appar- 
ently unaffected by the difference in freezing times 
between 1 to 2 hours and 10 to 12 hours. The texture 
of pound cakes frozen either rapidly or slowly, how- 
ever, was inferior to that of freshly baked controls. 
All the frozen cakes were superior to day-old un- 
frozen cakes. 
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One-shot capsules for pharmaceuticals, foods, adhe- 
sives, oils and dozens of other products are plasticized 
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cations to you. Address your request to the Glycerine 
Producers’ Association. 
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The Influence of Sugar in Ice Cream. II. 


Consumer Preferences for Strawberry Ice Cream 


Manuscript received July 11, 1958 


Ix STUDIES MADE YEARS AGO, when 
refrigeration was inadequate and the batch freezer 
was the backbone of the dairy industry, a sugar level 
of 15% came to be accepted by the industry as being 
satisfactory for most people. A recent investigation 
(3) showed that a large consumer panel preferred 
vanilla ice cream containing 15, 17, or 19% sucrose 
equally well, and to a significant degree over samples 
containing 13 or 11% sucrose. At the present time, 
the dairy industry does not alter the sugar content 
of ice cream appreciably when other changes in com- 
position, such as butterfat or milk solids, are made. 
Seldom is the sugar level adjusted for different flavors 
except for the sugar in the flavoring material itself. 
One mix of standard composition is used and different 
flavoring ingredients are added to produce the desired 
flavors. 

In the investigation described herein, strawberry 
ice cream was packed with various sugar levels then 
evaluated by a household consumer panel as well as 
by a trained laboratory taste panel. 


METHODS AND MATERIALS 


Raw material. Processing procedures employed were simi 
lar to those normally followed in commercial operations. The 
unflavored mixes tested 12% butterfat, 11% solids-not-fat, 
0.3% stabilizer, and sucrose levels of 15, 17, 19, or 21%. 
After pasteurization at 165° F. for 30 min, the mix was 


homogenized at 25,000 p.s.i. and 500 p.s.i., cooled and stored 
overnight. Frozen strawberries (4 plus 1), commonly used as 
a flavoring source by ice cream manufacturers, were thawed 
then puréed to assure uniform flavoring in all sampies of ice 
cream. Sufficient berries were added to give an equivalent of 
5% berries in the flavored mix; 18.15 Ibs. of the 4 plus 1 
(fruit to sucrose) strawberries to 81.25 Ibs. unflavored mix. 
To give a more definite pink color to the produet, 7 ml. of red 
coloring per gal. mix was added. Total sugar eontent, includ 
ing the added suerose and the sweetened berries, was 15.9, 
17.6, 19.2, or 20.8%. 

Consumer survey. Letters of solicitation for participation 
were mailed to 400 families selected at random from the tele 
phone directory of Woodland, California (pop. 12,000). Of 
the 400 families selected, 210 agreed to participate, of which 
a total of 203 families returned their completed score ecards. 
Non-participation was attributed to families who had moved, 
were on vacation, did not like strawberry ice cream, or were 
not interested. 5 

Two pints of strawberry ice cream coded ‘‘X-6"’ and 
‘©W-7'’, a detailed instruction sheet and score cards were 
delivered to each participating household in September, 1957. 
The homemaker was directed to place the samples in the freezer 
part of her refrigerator immediately, and to serve the ice eream 
at a regular family meal within the next 2 days. Each family 
member over 6 years of age completed an individual seore card 
asking for age, sex, the meal at which the ice cream was tasted, 
and his preference. If the taster had a reason for his prefer 
enee, he indicated such on the reverse side of the score eard. 
In addition to the individual eards, the homemaker was asked 


Rose Marie Pangborn and 
T. A. Nickerson 


Departments of Food Technology and 
Dairy Industry, University of Califor- 
nia, Davis, California 


to complete a questionnaire regarding her family’s frequeney 
of consumption of ice cream in general and of strawberry ice 
cream in particular, A hypothetical price differential was 
established between the 2 pints of ice cream and the homemaker 
indieated which of the samples she would purchase if: (1) 
cost 5¢ per pint more than (2) ‘*W-7’? cost 
5¢ per pint more than ‘* X-6'’; (3) both samples cost the same. 
Upon completion of the sampling, the seore cards and ques 
tionnaire were returned to the survey director in a stamped, 
addressed envelope provided for the purpose. 

The 6 possible paired combinations, as well as the reverse 
orders, were distributed randomly among the participating 
families. Resulting preferences (excluding ‘‘no preference’’ 
responses) were analyzed statistically, using the method of 
chi-square (4) for paired comparisons and the are sine trans 
formation method (1) for over-all significance, 


RESULTS AND DISCUSSION 


A total of 326 males and 324 females participated 
in the survey (Table 1). Classification of preferences 
by the tasters’ age and sex (Table 2) indicated a 
greater liking for Sample C (19.2) sugar) than for 
the other samples. No differences in preferences be- 
tween the sexes were observed, but slight preference 
variations existed between age groups. 


TABLE 1 


Participants on strawberry ice cream consumer survey’ 


Age Male Female Total 
Under 16 87 Ri 170 
16-24 26 29 55 
25-39 a5 91 176 
10-59 104 194 
Over 60 24 55 
Totals 126 650 
Number of families participating, 20 
TABLE 2 


Preferences for strawberry ice cream classified by age and sex 
(Percent comparative preference)’ 


Sugar levels 
Age and 
sex group 15.9% 17.6% 19.2% 20.2% 
A 
Awe 
Under 16 18.5 20.9 33.5 27.1 
16-24 22.7 7.3 26.4 834 
25-39 18.2 23.3 $4.1 24.4 
40-59 26.8 20.6 26.5 26.5 
Over 60 24 8.2 24.5 22.8 
sex 
Male 20.4 24.4 29.1 26.1 
Female 23.1 19.8 30.6 26.5 
Total 21.8 22.1 29.8 26.3 
Italicized values indicate samples receiving the greatest number of 


total preferences 
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TABLE 3 
Over-all preferences for strawberry ice cream’ 


Pairs® Consumer panel Laboratory panel 
B NP* A B NP 
Ave B 57 46 Is 12 2R* 2 
\ c NP A c NP 
4 va. C... 30. 56** 15 15 20 1 
\ D NP A D NP 
Ave. D ; 13 52 10 25 17 1 
B NP NP 
B vs. C 7 15 15 4 
B D NP B D NP 
B vs. D 16 11 4 
D NP NP 
C vs. D 62 46 14 23 12 4 
Total comparative \ A B D NP 
preferences . 120 122 175 151 a2 52 54 58 42 14 
Values represent number of individuals 
Sample Codes <A 15.9%; B 17.6%; € 19.2%; D=20.8% 


stigar 
‘No preference 
* Significant preference at the 5% level of probability. 
Significant preference at the 1% level of probability. 


Total preferences expressed by the consumer panel 
and by the laboratory taste panel are presented in 
Table 3. Sample C was preferred by the consumers 
to a significant degree over Samples A and B, and to 
a lesser degree over Sample D. Whereas the con- 
sumers liked Sample D second best, it was the least 
liked by the laboratory panel. The latter panel ex- 
hibited a significant choice in only one paired com- 
parison, where B was preferred over A. Of the total 
number of individuals participating, 12.8% of the 
consumers and 6.4% of the laboratory tasters gave a 
“no preference” response. 

In order to determine whether significant differ- 
ences existed between total preferences, the percent 
preferences were converted into a form in which they 
would be independent of the variances using the con- 
version formula: 


X = are sin Y percentage (1) 


The analysis of variance performed on these X values 
is given in Table 4. Treatment differences were sig- 
nificant at the 507 level of probability. The L.S.D. 
value of 3.31 shows that Samples C and D> were 


TABLE 4 


Statistical treatment of consumer preferences for 
strawberry ice cream 


(Analysis of variance based on values of Arc Sin \V P) 


: Sums of Degrees of Mean F 
Source 
squares freedom square ratio 
Total 107.76 11 
Treatment 187.53 3 62.51 4.16" 
Error 120.23 15.08 


Significant difference at the 5° level of probability. 


Least Significant Difference Between Treatment Means 


Sample \ B c D 
Mean (Are Sin VP) t1.44 41.05 50.50 47.00 
tw V 2(15.03) 3.21 
(6 df.) 3 
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equally well. liked and were significantly preferred 
over less sweet ice cream. 

Reasons most frequently given for preferring the 
sweeter samples were (a) more flavorful, (b) richer, 
(¢) ereamier. Of the total consumer population, only 
8 individuals remarked that one of the samples was 
too sweet. 

Over 75% of the families interviewed stated they 
consumed ice cream with a frequeney of more than 
once a week (Table 5). Apparently strawberry-fla- 
vored ice cream is not purchased as frequently as are 
other ice creams. Several homemakers remarked that 
if the experimental samples were available commer- 
cially, more strawberry-flavored ice cream would be 
consumed in their households. Five families reported 
they never purchased strawberry ice cream yet indi- 
cated a liking for the experimental pack. 


TABLE 5 


Frequency of consumption of ice cream in general and 
strawberry ice cream in particular 


Total Strawberry ice 
consumption cream consumption 
Frequency 


Number ot Number 


families families 
More than 
once / week................ 151 75.1 21 10.3 
More than 
once /month........... 49 24.4 91 44.8 
More than 
nd 0 0.0 5 2.5 
201! 100 203 100 


'Two families failed to answer this question 


TABLE 6 


Influence of 5¢/pint price differential on indicated 
buying behavior 
(Number of families responding) 


Question 1. If FIRST sample cost 5¢/pint more, which would you buy 


d B \ c A D B Cc B Db Cc D 
In 17 14 17 12 17 16 #13 19 #16 
Question 2. If SECOND sample cost 5¢/pint more, which would you buy! 
A B A Cc A D BC B D Cc D 
19 #16 12 (16 9 23 15 14 15 14 19 14 
Question 3. If BOTH samples cost the same, which would you buy’ 


\ B A ( A D BC c D 
20 #16 15 #17 11 21 13° («15 13) («15 23 12 


The technique applied to gauge the homemaker’s 
reaction to price was modeled after that used by The 
Kroger Food Foundation (2). Table 6 summarizes 
the responses which sugest that a difference of 5¢ per 
pint would not keep the homemaker from purchasing 
the ice cream her family preferred. Few variations 
in preferences were observed when the hypothetical! 
price difference was stipulated, as can be seen by com- 
paring the responses to the first two questions with 
the response to question 3. 


SUMMARY 


Strawberry ice cream varying in sugar content 
(15.9%, 17.6%, 19.2%, or 20.8% ) was evaluated by 
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650 individuals in a household consumer survey em- 
ploying the method of paired comparison-preference. 
Both the consumer panel and a trained laboratory 
panel preferred the sample containing 19.2% sugar 
to a significant degree over the other samples. Rea- 
sons most frequently given for preferring the sweeter 
samples were (a) more flavorful, (b) richer, (c¢) 
creamier. The majority of the homemakers  inter- 
viewed indicated that they were willing to pay 5¢ per 
pint extra for the sample their family preferred. If 
adjusting the sugar content of ice cream results in a 
more flavorful product that the majority of the con- 
sumers like and are willing to pay extra for, then a 
reappraisal of the sweetness levels used in the ice 


cream industry seems to be in order. 


Ultrasonic Defrosting of Frozen Foods 


Manuscript received August 1, 1958 


F ase THAWING OF FROZEN FOODS 
is desirable because it retards bacterial buildup and 
loss of color and flavor, and because of convenience. 
Present domestic and commercial practice defrosts 
frozen foods by static or moving fluids such as air or 
water (1, 8). Rate of thawing, however, even under 
optimum conditions, is relatively slow because of the 
low rate of heat transfer between the thawing me 
dium and the interior of the food mass. This heat- 
transfer rate is limited by the maximum temperature 
which the outer portions of the food can withstand 
without beginning to cook. 

An ideal method of thawing would be to supply a 
form of energy which would be absorbed rapidly and 
uniformly throughout a food mass. Electromagnetic 
radiation has been considered for uniform food thaw- 
ing. Many investigations have been reported on the 
application of electromagnetic radiations in the in 
frared (7) and microwave (2, 3, 6) region. Because 
of low penetration, infrared tends to cook surfaces 
before interior thawing occurs. Experiments with 
microwaves showed that selective absorption by the 
liquid constituents of foods results in the cooking of 
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these constituents before the bulk of the food is 
thawed. Heat generation in materials through the 
absorption of ultrasonic energy is a_ well-known 
phenomenon. It has been experimentally used for 
cooking and is being used for therapeutic purposes 
(4). Internal liquefaction of pure ice by heat dissi- 
pation caused by reflection and seattering of ultra- 
sonic waves at some discontinuity in the ice mass has 
also been reported (i). Since frozen foods are gen- 
erally heterogeneous, both in matter and in erystal- 
line structure, they would appear to be good ab- 
sorbers of ultrasonic energy; hence, ultrasonic vibra- 
tions were considered as a possible source of energy 
for rapid thawing 

Although both literature and patent searches re- 
vealed many references to thawing frozen food, no 
reference was found on the application of ultrasonic 
energy to this problem (5). The following investiga- 
tion was conducted to determine ultrasonic absorp- 
tion characteristics of representative frozen foods 
and feasibility of defrosting frozen foods with ultra- 
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EXPERIMENTAL METHODS 


Equipment. four vibration frequencies representative of the 
practical ultrasonic and high sonie spectrum were used to 
study the influences of vibratory energy on the thawing rate 
of frozen foods. Figure 1 shows a unit used to investigate 
food thawing characteristics at 400 and 1000 ke. A eylindrieal 
stainless steel food chamber 1% x 4 in. sealed at the bottom 
with an 0.0025 in. diaphragm was inserted in a water-cooling 
coil which was in turn mounted in a foeussed-bowl BaTiOs 
transducer” assembly, Water was used to couple the trans- 
ducer to the chamber. The foeal point of the transducer was 
approximately 1 in. above the diaphragm on the vertieal axis 
of the container, 


Stainless steel . 
Frozen chamber, 2°x 45 
Copper cooling coil fend 


Water couplont Height-adjusting ring 


00025" stainless 


Cooling coils 
Steel diaphragm , 


- 
Rubber gosket 
4 Chrome!-Aiume! 
thermocouples 
Mypersonic assembly, 


Model BU- 305A 


BaTiO, bow! 


Figure 1. Assembly for thawing frozen food samples with 
400 ke and 1000 ke vibrations. 


A similar arrangement was used for the 20 ke = studies, 
exeept that a 2400-watt nickel transducer, driving a double 
eylinder mechanical transformer was used to generate vibra 
tions in the food chamber, Water was again the couplant.” 

Investigations at 10 ke were made with a nickel transducer 
assembly direetly coupled to the diaphragm of a water-cooled 
17% x in. eylindrical chamber. 

Power supplied to the 400 and 1000 ke transducers was 
metered during thawing. Power supplied to the 10 and 20 ke 
transducers was estimated from their ratings and operating 
characteristics. Power inputs were maintained as nearly as 
possible at 100 watts except for the 20 ke unit which was 
supplied with higher power. 

Food samples. Frozen hamburger, strawberries, and liquid 
whole eggs were selected as representative frozen foods for 
the thawing experiments. Samples were prepared by placing 
them in the food chamber to a depth of 2 inches and freezing. 

Temperature readings. (hromel-alumel thermocouples were 
located along the central axis of the food container prior to 
freezing to determine temperature variations. In the 1% x 2 
ih, samples, thermocouples were loeated in., in., and 
1% in. above the diaphragm and in the couplant or cooling 
water, Thermocouple readings were made at one minute inter 
vals until samples were completely thawed. No attempt was 
made to maintain couplant temperature constant except in the 
ease of the 10 ke assembly, Therefore, transducer heating and 
couplant losses, as well as ultrasonic effects, contributed to 
thawing. This was done to ascertain the relative merit of using 
to the fullest the power supplied by the transducers. 


"A transducer converts electrical energy from the line into 
vibratory or acoustical energy, ie., electrical energy is the in- 
put to a BaTiOs transducer, and sonie vibrations are its out- 
put. 

"An intermediary link between transducer and product was 
used because of the impedance mismatch between transducer 
output and food. The water couplant acted as a transformer 
which improved the matehing, 
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RESULTS AND DISCUSSION 


Hamburger. Hamburger frozen to —100° F. was 
thawed with each of the 4 transducer arrangements. 
Figure 2 shows curves of temperatures measured at 
various points of the sample during thawing. Com- 
plete thaw was assumed to have occurred when the 
last thermocouple to reach 32° F. began to show a 
temperature increase. Control hamburger required 
more than 60 minutes to thaw. 

Effectiveness of vibratory energy in thawing 
ground beef appeared to be frequency dependent. 
The lower frequencies had little or no effeet on thaw- 
ing rate, but higher frequencies produced more rapid 
thawing than natural thaw, 1000 ke thawing being 
faster than 400 ke thawing. There was a rapid tem- 
perature rise once the meat reached thawing tempera- 
ture, indicating selective energy absorption by thawed 
meat. Examination of samples heated after thawing 
showed a 14-in. layer of cooked meat near the bottom 
This relatively uniform layer indicated that, despite 
a focussed sound field, a relatively uniform field dis- 
tribution was obtained in the meat, possibly because 
of refraction and dispersion of the sound beam in 
the heterogeneous meat structure. In one instance, 
an extremely rapid temperature rise at a thermo- 
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Figure 2. Time-temperature relationships at various points 
in samples of chopped beef thawed with ultrasonic energy. 
Temperatures were measured in sample at indicated distances 
from surface exposed to vibration. a) 1000 kc, 100 watts; 
b) 400 kc, 100 watts; c) 20 kc, 1000 watts; d)10 kc, 100 watts. 
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couple was found to be due to selective energy 
absorption by a fat particle surrounding the couple. 
The difference in impedance between couplant and 
hamburger may account for some of the temperature 
rise of the coupling water. Calculations show that 
from 30 to 40% of the incident ultrasonic energy is 
reflected from water-ice interface. At a water- 
frozen meat interface, the reflectance could be larger. 
Reflection from frozen meat back to the transducer 
was observed during studies with the 400 ke trans- 
ducer. The silver plated surface at the transducer 
was partially eroded by cavitation directly below the 
sample chamber. This could account for the tempera- 
ture rise in the water couplant. However, the pre- 
dominant cause of couplant temperature rise was 
more likely the electrical loss in the transducer. 
Temperature variations within a hamburger sam- 
ple during thawing showed that thawing was not due 
to uniform internal absorption of vibrations, but 
rather to absorption at the meat surface normal to 
the incident energy, and to heat conduction from 
couplant or thawed meat to the frozen meat. 
Strawberries. Commercially prepared sliced straw- 
berries, with thermocouples imbedded in berries, were 
used to study the effects of vibratory energy on thaw- 
ing foods preserved in liquids. Figure 3 shows curves 
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Figure 3. Time-temperature relationships at various points 
in samples of strawberries thawed with ultrasonic energy. Tem- 
peratures were measured in sample at indicated distances from 
surface exposed to vibration. a) 1000 kc, 100 watts; b) 400 kc, 
100 watts; c) 20 kc, 1000 watts; d) 10 kc, 100 watts. 
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Figere 4c Figere 4d 
Figure 4. Time-temperature relationships at various points 
in samples of frozen liquid whole eggs thawed with ultrasonic 
energy. Temperatures were measured in sample at indicated 
distances from surface exposed to vibration. a) 1000 kc, 100 
watts; b) 20 kc, 1000 watts; c) 400 kc, 100 watts; d) 10 ke, 
100 watts. 


of temperature variation with time under various 
thawing conditions. Control strawberries required 
70 minutes to thaw. 

Rate of thawing was increased by ultrasonic energy. 
Rapid thawing observed at the first thermocouple 
location indicated high absorption by the sample. In 
1000 ke and 400 ke thawing, couplant temperature 
did not begin to rise until the first thermocouple 
showed complete thaw. However, temperature vari- 
ations between thermocouples indicated that thawing 
Was not uniform 

Thawing at 10 ke appeared most effective, possibly 
because of mass berry agitation and forced cireula- 
tion of the sirup rather than from direct absorption 
of vibratory energy with berries. At frequencies 
above 15 ke, radiation wavelength would be shorter 
than berry dimensions, resulting in scattering of inci- 
dent energy which is dissipated as heat around the 
berry. At low frequencies, wavelengths greater than 
berry dimensions could result in mass agitation. This 
would cause a more rapid heat transfer between berry 
and sirup. Agitation is also expected at higher fre- 
quencies because of hydrostatic forces developed by 
focussed fields. At the relatively low power levels 
used, however, when the sirup thaws, berries tend to 
settle on the diaphragm, dispersing the focussed field 
and reducing hydrostatic forces. Discontinuities in 
the temperature curve of thermocouple nearest. the 
chamber diaphragm indicated berry agitation at 
10 ke. 

Eggs. Frozen liquid whole egg was used to study 
the effect of ultrasonic vibrations on thawing of 
liquid products. Figure 4 shows temperature meas- 
urement during egg thawing. Control eges required 


76 minutes to thaw 
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Ultrasonic energy absorption was indicated by the 
rapid rise in sample temperature and the relatively 
constant couplant temperature until sample thaw 
points were reached. Impedance mismatch between 
couplant and frozen sample should result in energy 
reflection. Since this was not evidenced as a couplant 
temperature rise, another ultrasonic effect, streaming, 
may have occurred with molecular absorption in the 
mass, Because of mismatch between solid and liquid 
sample phases, heating was produced initially by re- 
flection and beam scattering. This resulted in rapid 

g¢ interface. High ultra- 
sonic absorption of liquid egg then took place. Hy dro- 
static forces in the liquid sample from factors such as 
non-uniform field distribution and viscous drag 


thawing at the chamber-eg 


caused streaming and continuous mixing of thawed 
sample. This would account for temperature peaking 
in 1000 ke and 10 ke thawing, and also for appar- 
ently higher temperatures at complete thaw for ultra- 
sonic thawing. 

Streaming was apparent in all egg samples exposed 
to vibrations when they were completely thawed by 
surface agitation, It was most pronounced at 1000 ke. 
Temperature discontinuities were attributed to cracks 
in frozen sample which propagated about couples 
during thawing. 


CONCLUSIONS 


Ultrasonic waves incident upon frozen food first 
thaws the surface of the food by reflection and dis- 
persion at the interface of food and source of sound 
wave. Since thawed material absorbs more energy 
than frozen food, heat is generated in thawed ma- 
terial, Also, since the thermal conductivity of food 
is low, excessive local heating results while the bulk 
of food is frozen. This was found to occur with ham- 
burger, and expeeted to occur in other meats, fish, and 
vegetables. 

In the case of foods frozen in a liquid, thawing is 
due to heat conduction from the liquid-food interface. 
Relatively rapid thawing can be expected because 
microagitation increases the rate of heat transfer 
from liquid to selid. Tlowever, if individual pieces 
of frozen food are large or are tightly packed, exces- 
sive local heating can occur before the food is com- 
pletely thawed. 

Liquid foods, such as eggs and juices, thaw rapidly 
when exposed to ultrasonic vibrations. The liquid 
phase absorbs most of the energy and, by streaming 
or convection currents, transfers heat to the frozen 
phase. In viscous foods, excessive local heating can 
oceur before the food is completely thawed. 


FEBRUARY, 1959 


Coupling between the ultrasonic source and the 
food is a factor governing the energy required for 
thawing, Direct contact between food and energy 
source would be most desirable but, in the case of 
crystal-type transducers, temperature gradients dur- 
ing thawing would fracture the crystals. [Irregular 
shapes of foods make direct coupling methods im- 
practical. A liquid couplant such as water would be 
required. However, water has a low cavitation 
threshold which could lead to energy dispersion with- 
in the couplant rather than in the food. If water were 
degassed and subjected to high pressures alone with 
the food, the cavitation threshold can be raised. 


The relatively high energy requirements to achieve 
reasonable thawing rates in liquid foods an negligi- 
ble effects in solid foods indicate inherent limitations 
of ultrasonic thawing. Thus, the use of ultrasonic 
energy to defrost frozen foods does not appear to be 
feasible because : 


1) absorption characteristics of frozen foods are 
such that internal heating is difticult to realize : 


2) there seems to be no practical means of coupling 


ultrasonic energy effectively to various types of food 
at present; and 


3) observed ultrasonic thawing rates do not appear 
to be sufficiently above conventional thawing rates to 
justify expenditure of approximately $1,000 per kilo- 
watt, present cost of commercially manufactured 
ultrasonic equipment. 
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Orange Juice Powder. 
Factors Affecting Storage Stability 


(Manuscript received April 25, 1958 


Pure DRYING TECHNIQUES reported 
by Strashun and Talburt (20) have been applied to 
several fruit and vegetable juices (6, 13, 14). The 
products all have good quality when produced but 
may suffer during storage as evidenced by changes in 
flavor, color, and aseorbie acid. Caking and shrink- 
ing may also reduce their marketability. 

Several advances have been described since Stra- 
shun and Talburt first reported the puff drying of 
orange juice powder. Mylhe and Seamans (1/7) re- 
ported the availability of a paper-envelope desiccant 
container to replace the pill-box type. Schultz ef al. 
(17) published work on the use of sugars as carriers 
for citrus oil. The commercial production of citrus 
powders (2) and the use of cans larger than 6 ounces 
have focused attention on the in-package desiccation 
and caking problem. 

MvylIne and Seamans (11) reported on the storage 
stability of orange-juice powder containing 40% corn 
syrup solids. Experiments with this powder evalu- 
ated a number of variables for gross effects. In the 
studies reported here the variables were container 
size; can atmosphere and pessure; location and type 
of desiccant; extended drying time; temperature for 
conditioning (lowering of moisture content of the 
powder from ‘‘as received’’ to 1% ) ; storage tempera- 
tures and times; citrus oil content in the powder and 
carrier; type of carrier; sulfur dioxide and corn sirup 
solids as additives; and related factors. 


ANALYTICAL METHODS 


A puneture-type canners’ gauge was used for routine 
vacuum determinations. Moisture of powder was determined by 
vyacuum-oven method (60° C., 0.6 mm. Hg, 30 hours) (77) and 
modified Karl Fischer method (9). Brix was determined re 
fractometrically. Suspended pulp was determined on 12” Brix 
material by centrifuging (10 minutes, 1,270 r.p.m., 16 in, di 
ameter) (25). Aseorbie acid was determined by the Loeffler 
and Ponting method (7), and reductones were assayed by the 
method of Wokes et al., (23). Sulfur dioxide was determined 
by a modification of the Monier-Williams method (70). Redue 
ing sugars were determined by AOAC Munson-Walker general 
method (7). Cloud values were ascertained in a 1 em. cell with 
un 640-700 ma filter (Senn ef al.) (18). Color was determined 
us the Klett colorimeter reading of the clarified extract from 
au 5% aqueous solution of the powder in a 4-em. cell with a 
400-645 muy filter (73, 14). Peetinesterase was determined on 
feed and powder by the method of MacDonell, Jansen, and 
Lineweaver (8). Moisture equilibria of powders were deter 
mined by the method of Wink (22 
tions for relative humidities below 11% (72). Reeoverable oil 


, using sulfurie acid solu 


was determined by a modified MeKinnes apparatus as de 
seribed by Curl (3). Sticky point was noted as that tempera 
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ture at which severe resistance to turning is encountered by a 
metal propeller embedded in a powder sample, The sample is 
contained in a mercury sealed test tube immersed in a water 
bath, the temperature of which can be raised about 0.1 to 
0.2° CC, per minute. Particle size was determined by sieving for 
5 minutes on U. S. standard sieve sereens. Relative apparent 
viscosity of the reconstituted juice was determined by measur 
ing its drainage time from a pipette at 23° C. and comparing 
it to the drainage time of distilled water under the same con 
ditions. A material was considered caked when a sharp rap of 
its container on a wooden surface failed to render the material 
particulate, 


RAW MATERIALS 


Frozen unsweetened Valencia orange juice concentrate eon 
taining 61°7 soluble solids and 63.4¢, total solids was used as 
the feed material. The conentrate had not been heated to in 
activate the enzymes. Pulp strained and squeezed dry from 
single-strength juice was added to make 96) by volume on a 
12° Brix basis (25 Sulfur dioxide was added as NaHSO 
0.2 g. per pound of soluble solids The corn-sirup-containing 
powders were prepared with 24 DE (Dextrose Equivalent) eorn 
sirup solids (77). One sample of feed was fortified with cold 
pressed peel oil to about twice the original oil content. Com 
position of feed and resultant powder are given in Table 1. 


TABLE 1 
Composition of Valencia orange juice concentrate and powder 


Powder, MFB 


Ascorbic acid mg./100 
Total sugar (as gh i 


Reducing sugars 10% 


Acidity as citric ‘ 7 
Volatile oil ‘ 


SOs pp 14° 


Moisture-free bas 


EXPLORATORY EXPERIMENTS 


A preliminary test indicated that some protection of flavor 
was exerted by 100 of corn sirup solids (CSS) and still more 
by 20%. Amounts in excess of 2007 contributed but slightly to 
storage stability. The powder used in this test was produced 
from sulfited concentrate, was vacuum packed with in-package 
desiccant (IPD), and stored 6 months at 100° FP, 
the taste evaluation are presented in Table 2. Sulfur dioxide 


Results of 


analyses of the samples after storage varied from 140° to 
183 p.p.m. and did not correlate with the flavor scores. These 
data also indieate that CSS were the major protective influence 
on flavor in this experiment. Also, the CSS did not serve to hold 
the sulfur dioxide in the powder 

The effect of extended drying was determined by placing 
screened (6-mesh) powder cont ing $C) moisture on trays at 
0.3, 0.6, and 1.2 pound per square foot and drying at 100 F. 
for 72 hours at 0.5 mm. Hg pressure. The final moisture con 
tent of all samples was 1.4 ilar powder sample pack 
aged in a 6-oz. ean (IPD, vacuum), stored 72 hours at 100° F., 
had a final moisture content of 1 , thus indieating that the 
rate-econtrolling variable in desiccation is the vapor releasing 
mechanism, 

Sorbitol-entrapped oil, used for flavoring the powders, was 


prepared by the method of Griffin (5), and sucrose and dex 
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TABLE 2 


Effect of corn sirup solids (CSS) on stability of orange juice 
powder stored for 6 months 


Average palatability scores 


Added corn sirup solids, per cent, torage temperature 


moisture-free basis 30°F 100° F 


90 
9.0 
9.0 


' Scored on a seale of 1 to 10. The higher the number, the better 
the quality A score of o was considered to be the limit of accepta 
bility 


TABLE 3 
Effect of piece size on retention of oil in carrier 


Volatile oil content, % ' 


Picece size After 
igina evacuation 


scm 2 em. x 2mm 
10 + 20 mesh 
20 + 40 mesh 
40 + 60 mesh 


' Volume by weight 
Evacuated 3 days at 0.2 mm. Hg., 25 


trose-entrapped oil by the method of Schultz et al. (17). The 
granules containing oil were evacuated for 3 days at 0.2 mm, 
Hg and 23°C. (73.4° F.). This treatment removes orange oil 
from the surface of the granules. Oil on surfaces deteriorates 
and results in flavors described as ‘‘terpene’’ or ‘‘ paint-like.’’ 
Granules containing entrapped oil were —10+20 mesh. This 
size provides fairly rapid solubility with good oil retention. 
The effeet of granule size on oil retention is shown in Table 3 
(4). Carrier-entrapped oil pieces 2 em. x 2 mm, have main- 
tuined their flavor quality unimpaired after 18 months at 
loo” FL Oil analyses of samples taken from a No. 10 ean of 
powder revealed that the oil-in-earrier was distributed so uni- 
formly that no sample varied more than 6% from the average 
(0.0986). Thus, consumers are assured that the large-sized 
package contains uniformly distributed flavor. 


PREPARATION OF POWDER 


The powder was produced by puff drying under conditions 
deseribed by Strashun and Talburt (2¢): 2 mm. Hg pressure, 


MOISTURE, % 


10 20 30 
RELATIVE HUMIDITY, % 


Figure 1. Moisture equilibrium orange juice powder, 70° F. 


40 


140° F. maximum product temperature, tray loading one-half 
pound per square foot, total time in the drier 2 hours. The 
dried puffed material was passed through a 6-mesh sereen. All 
handling of the dried material was done in a low (below 10% 
RH) humidity room. Moisture equilibrium data are shown in 
Figure 1. 

Flavoring components lost during concentration and puff 
drying were replaced by cold-pressed peel oil entrapped in 
solid earriers. The residual oil in the powder (90% of the 
original) was ignored because of its low flavoring potency. 


PACKAGING 


The powder (3.0% moisture) was packed in 202 x 314 eans 
(6-0z.), 75 g. of powder per can, with sufficient entrapped oil 
to yield a single-strength (12° Brix) juice containing 0.0065 
added oil. The desiceant, inserted in the can during packaging, 
was 10 g. of calcined lime (CaO) in a heat-sealed, moisture 
permeable, siftproof envelope (21). The desiccant had suffi 
cient capacits to absorb 250 more moisture than was present 
in the powder. Cans were vacuum packed at about 29 in. Hg. 

Powder was packed also in beaded 603 x 700 (No. 10) cans 
containing 1.05 kg. of powder (2.867 moisture), 140 g. of eal 
cined lime desiccant (enveloped as mentioned above), and 
entrapped oil. The cans were packed with 15 in. Hg vacuum. 
Location of the desiccant in the eans was varied to inelude 
longitudinal center, longitudinal side, and transverse end. 


POWDER CHARACTERISTICS 


Microscopie examination of the powder showed the 
average wall thickness of the material forming bubbles 
to be 0.026 mm. (varying from 0.007 to 0.6 mm.). The 
bubble diameter varied from 0.03 to 0.7 mm. The den- 
sity of the powder as determined by toluene displace- 
ment was 1.8 g. per ml. The void volume was 71%. 

*article size distribution is given in Table 4, as well 
as moisture content and bulk density for the size 


classes. 


TABLE 4 
Properties of sieved’ orange juice powder 


Size class mesh/inch Retained Moisture Loose Compacted 


% 4 
20 + 40....... 3 0.47 
0.71 


4 


BD 
Not sieved 


' Powder sieved 5 minutes on U. S. Standard sieve screens mounted 
on a Cenco-Meinzer Sieve Shaker. 


Schroeder and Cotton (16) presented data indi- 
cating that the moisture content of puffed orange 
juice varied from 0.9% on the heated surface to 1.8% 
one inch from the heated surface. Recognizing that 
the drier material is more fragile, it is not surprising 
that the smaller particles have a lower moisture 
content. 

The sticky point of the powder and caking ten- 
dency are moisture-dependent phenomena. Sticky 
point is the instantaneous caking temperature. The 
effect of moisture content on sticky-point temperature 
is shown in Figure 2. The product must be cooled 
below the sticky-point temperature in order to remove 
it from the drying surface and screen it satisfactorily. 
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Figure 2. Effect of moisture content of powder on sticky point. 


DESICCATION RATE 


Samples packed in 6-0z. cans were held at 77° F. 
for 78 days to lower the moisture content from 3.0% 
to 1.0%. Vaeuum-oven and Karl Fischer moisture 
determinations were in excellent agreement. Condi- 
tioning temperatures of 70°, 77°, and 80° F. were 
investigated. After 70 days the moisture contents 
were, respectively, 1.3, 1.1, and 0.82% at these tem- 
peratures. 

After reaching 1% moisture (77° F., 78 days) sam- 
ples were stored at 70°, 77°, and 100° F., and after 
1, 3, 6, and 12 months, chemical analyses and organo- 
leptic tests were made. Control samples were stored 
at —30° F. Supplementary storage studies at 117 
and 90° F. were also conducted. 

Vacuum promoted desiccation when the CaQ was 
packaged in a perforated bill-box (71). In moisture- 
permeable paper the desiccant performed equally 
well in 6 0z. cans at pressures from one atmosphere to 
0.03 of an atmosphere at temperatures up to 100° F, 
(Table 5). The difference was attributed to the larger 
area (300 X) of the paper envelopes 


TABLE 5 


Moisture content of orange juice powder as influenced by 
atmosphere and temperature, 6 oz. cans, IPD 


Vacuum 
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At temperatures above 100° F. the difference in 
desiccation rate in air and vacuum-packed 6-0z. cans 
containing powder of 3% moisture became apparent. 
After 50 hours at 117° F. the air-packed sample had 
formed a hard cake and had a moisture content of 
1.4%. The vacuum-packed powder had formed an 
easily broken cake and had a moisture value of 1.3%. 

That IPD rates are temperature-dependent has 
been demonstrated (11, 13, 14, 24). This temperature 
dependence is a_ reflection of the vapor pressure 
exerted by the moisture of the powder. Vapor- 
pressure values are derived from relative humidity 
data (Figure 1). Rate of moisture loss is a linear 
function of vapor pressure until vapor pressure is 
below 2 mm. and the powder moisture is below 1%. 
The supporting data are in Table 6. 


TABLE 6 


Influence of powder moisture and temperature on vapor 
pressure and rate of moisture loss 


Vapor He loss 
pressure per week 


Moisture in powd: Tem) 


mm. Ay g./1004 

powder 
2.8 1.8 
5.1 
a5 4.3 
208 7 
2.8 70 3.7 
1.f 2.5 
1.0 2.9 
2.1 2.8 4 
2.4 7 0.2 


Desiccation rates at various temperatures for 6 oz. 
cans (202x514) and No. 10 cans (603 x 700) are 
given in Table 7. Conditioning is defined as the time 
required to lower the moisture content of the powder 
from 3% to 1%. At 77° F. the powder in No. 10 cans 
required about 10 days longer to reach the desired 
moisture level than that packed in 6 oz. cans. 
Throughout storage the size of container made slight 
difference in desiccation rate. Desiceation rates at 
100° F. of powders in 6-0z. cans were significantly 
higher than in No. 10 cans at moisture levels above 
1%. These data appear in Table 8 


TABLE 7 
Moisture content of orange juice powder during 
conditioning and storage 


Conditioning at 77) 


Days 


i | 
| 
r 
4) 
can No. 10 can 4 
| 
1.4 1.5 
60 
Storage 
Air 
Days Days No. 10 can 
70° F 100° F 70°F 100° F 
7 2.235 1.02 2.44 1.10 0 og | 
14 2.17 0.70 220 O86 0 0.7 | 
2R. 1.91 0.48 1.91 0.57 0.7 
363 0.69 0.12 0.74 0.10 65 | 
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TABLE 8 


Effect of container size on desiccation rate of unconditioned 
orange juice powder at 100° F. 


Moisture, % 
Days 


6 o7. can No. 10 can 


2.8 
0.7 
0.6 


At 100° F. unconditioned powder in 6-o0z. air-packed 
cans showed a slight tendeney to cake within 7 days. 
In 6 oz. vacuum-packed cans the powder was free- 
flowing at the end of this period. In No. 10 cans it 
became badly caked and shrank away from the ean. 
Powder in a similar No. 10 can packed with 14 10-g. 
packages of desiccant (symmetrically distributed ) 
caked under the same conditions (7 days at 100° F.) 
but did not shrink. The final moisture was 1.3%. 

The effect of distance of powder from desiccant in 
No. 10 cans was determined. Longitudinal core sam- 
ples one-half inch in diameter were removed periodi- 
cally at distances of 1, 2, 3, and 4 in. from the desic- 
cant. No significant difference in moisture content 
was noted between the nearest and farthest samples. 
Another approach was made by placing the desiccant 
at the end of the No. 10 can. Samples from various 
depths gave moisture values that were not. signifi- 
cantly different. Powder farthest from the desiccant 
had formed an easily broken cake. The remainder was 
free flowing. 

The 6-0z. cans packed with 10 g. of CaO had a 
desiccant-area to desiccant-weight ratio of 8.7 square 
centimeters per gram, while the No. 10 cans with the 
140 &. of CaO had an area-to-weight ratio of 2.5. This 
difference is the probable explanation for the lack of 
caking in the 6-0z. cans. The fact that slight caking 
in the No. 10 cans occurred at the bottom may be due 
to the slight pressure caused by the weight of the 
powder. 

Desiceation rates were measured on sieved and un- 
sieved samples of powder. Two-mm. layers of sieved 
orange juice powder were exposed to a 2% relative 
humidity atmosphere at 70°F. The results (Table 9) 
indicate that the smaller particles desiccate at a more 
rapid rate than larger, even though the porous strue- 
ture is the same in both. For example, —60-mesh 
powder declined from 2.4 to 1.5% moisture in 22 days, 
while —16+20 mesh powder required 64 days to go 
from 2.4 to 1.6% moisture. 


TABLE 9 


Effect of particle size on desiccation rate, 70° F. 
(2% RH humidity chamber) 
Sieved before storage 
Mesh 
Days -16 + 20 20+ 40 
Moisture in powder, % 


3. 
1 
1. 


The desiccation rates of various-sized particles were 
measured on the sieved I[PD-stored powder after in- 
tervals (Table 10). These data indicate that the 
desiccation rate is increased considerably by diminish- 
ing particle size. The drawback likely to be encoun- 
tered by fine grinding is that the powder will be diffi- 
cultly soluble as a result of clumping upon initial 
wetting. 

Data obtained after 22 days at 70° F. (Tables 9 
and 10) show that desiccation rates in the humidity 
chamber and the [PD 6-0z. can are the same. Further, 
the desiccation rate of a particle is unaffected by 
moisture content of surrounding particles under con- 
ditions existing in the IPD 6-0z. ean. The reason is 
that vapor-pressure difference between powder and 
desiccant is much greater than the difference between 
particles of different moisture content. 


TABLE 11 
Ascorbic acid and SO. content, feed materials, and powder 
Ascorbic acid 
ppm. MFB mg./100 g. MEB 


OJP? 
60—40 


OJP?) 


Feed 182 229 B25 191 
Powder..... 14% 222 S06 
Conditioned powder... 149 181 209 191 
After 6 mo. at 70° F... 150 
After 6 mo. at 100° F.... 149 149 241 191 


' Pure orange juice concentrate 
Orange juice concentrate containing 400 corn sirup solids. Data 
of Myline and Seamans 


STORAGE STABILITY (OBJECTIVE) 


Data in Table 11 indicate that the SOs loss (20% 
in 100% orange-juice powder occurs only during dry- 
ing. The 60-40 corn sirup solids product lost 7% of 
its SOs in drying, 13 more by the time conditioning 
was completed, and another 15% after 6 months at 


TABLE 10 


Effect of particle size on desiccation rate 
(6-0z. vacuum-packed cans) 


Sieved after storage 


Original 

22 daysat 70° F 

7 daysatoo F 

lidaysat 77 F 
Undesiccated, 14 days at 77 F 


20+ 40 O4 Not sieved 
Moisture in powder, 


22 60 
7 1.8 
1.1 
21 0.9 3.3 2 2.4 
28 O5 0.6 _ 2.4 2 1.8 
4 
50). 1.8 6 1.5 
£4: 
as 
60-40 
ft 
Mesh 
16 + 20 - 
2.2 2.2 1.8 1.3 1.8 
1.6 1.6 1.5 1.3 09 1.4 
is ce 2.1 2.2 2.0 1.7 1.3 1.8 
ae 2.7 2.8 2.8 2.8 2.9 2.8 : 
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100° F. Sorber (79) has presented evidence that the 
sulfur in sulfur dioxide that disappears during stor- 
age does not reappear as SO, but does appear in the 
total sulfur determination. The CaO desiccant has 
been shown to react with COs. (15) and it is not un- 
likely that SOs reacts similarly. 

Ascorbie acid loss in orange-juice powder with no 
added CSS was about 6% during drying, 2% during 
conditioning, and 25% after 6 months at 100° F. The 
sample held at 70° F. one year retained 91% of its 
ascorbie acid. The ascorbie acid was equally retained 
by powders in 6-0z. and No. 10 cans. By contrast, the 
ascorbic acid of the 40% corn sirup solids product, 
after a 4° decrease during drying, remained un- 
diminished after 6 months at 100° F. Even though 
loss of ascorbic acid in the 100% orange juice powder 
is greater than in the 60-40 product at all stages, the 
quantity remaining in the 100% product exceeds the 
amount in the 60-40 product by at least 25%. 

For 100% orange juice powder the pectinesterase 
activity was 0.027 unit ml. in the feed and 0.023 in 
the powder. The cloud value was 380 on the feed and 
370 on the powder after 6 months at 100° F, 

The water-soluble color changed so slightly during 
processing anl storage that the change was not visu 
ally discernible in the reconstituted juice. 

Relative apparent viscosity of reconstituted juice 
was unchanged (1.06) throughout processing and 
storage. The consistency of juice from reconstituted 
powder remained constant. 

Storage of undesiccated samples containing 2.0 to 
3.9% moisture at temperatures from 77° to 100° F. 
(conditions likely to be encountered in’ production 


and storage) resulted in the data in Table 12. In 2 


TABLE 12 
Caking time of orange juice powder as influenced 
temperature and moisture content 
Days to caking (undesiccated 


Moisture in powder 


‘ 


days at 100° EF. undesiccated caking samples that had 
original moisture values of 2.3, 2.8, 3.3 and 3.5% 
gained moisture (probably by decomposition ) to levels 
of 2.4, 3.0, 3.5, and 3.7%, respectively. These sam- 
ples had darkened. Samples stored at 90° F. and 
below did not show darkening so strikingly. This 
moisture increase in undesiccated samples was also 
reported by Wong ef al. (24) and Mylne and Sea- 
mans (17). 


SUBJECTIVE APPRAISAL 


Orange powders were reconstituted by adding 7.34 
parts of cold water to one part of powder by weight 
This produced a juice of 120 orange solids. Tastings 
were performed in booths lighted dimly to mask color 


differences. Twelve judges, experienced in orange 
juice tasting, compared the samples by triangle taste 
test. Samples were considered significantly different 
when the probability level was 0.01 or less (26). 

Testing of the feed material and powder (after oil 
contents were equalized revealed a preference for 
the feed. There were 23 correct judgments out of 38 
in the triangle test ; of those judging correctly 16 pre- 
ferred the feed. 

Powder conditioned at 77° F. for 78 days was not 
significantly different from unconditioned control 
Storage at 70° F. 
in addition to conditioning storage was detected in 
three months (58 correct 108 judgments. Six months 
at 70° F 
significantly different from unconditioned control 
llowever, flavor 


powder (18 correct 44 judgments 


after conditioning made the powder very 


powder 32 correct 44 judgements 
changes at 70° F. were considered mild as evidenced 
by the fact that the judges were evenly divided in 
their preferences for the 70° F. 6-month and control 
powders. After 1 year at 70° F. the preference ratio 
was 79-25 in favor of the control 

In contrast, storage at 100° F. for 1 month after 
conditioning caused a flavor difference which was de- 
tected by all judges (44 total judgments) as being less 
palatable than the control powder. At all test periods 
between 1 and 6 months the powder stored at 100° F. 
was found less desirable than the —30° F. control. In 
fact, storage of conditionel powder at 100° F. for 1 
month resulted in off-flavors and lack of natural flavor 
sufficient to cause it to be less palatable than similar 
material stored at 70° EF. for 12 months. After 6 
months at 100° F., judges commented that the flavor 
no longer resell bled orange. 

Air packed powders of 14 and 3% moisture stored 
at 100° F. for 3 months were not different in flavor 


17 correct 40 judgments). Likewise, vacuum-packed 


powders of 1% and 3 moisture were not different 
after 3 months at 100° F. 
0.098%) MEB) and high oil (0.159% 

powders were not found different at any stage of stor- 
age. In triangle taste tests the ratio of correct to total 


14 correct (42 judgments). 


Low oil 


judgments was never higher than 17) 44. 
The taste panel found a difference (38/44 judg- 
ments) between SQO.-treated and untreated powder 
after 14 months at 70° F The SO.-treated powder 
Was preferred by 31 of the tasters 
Air- and vacuum-packe 
ferent in flavor up to 6 months at 100° F. 


powders were not dif 
(12 cor- 
rect 40 judgments), although the air-packed material 
had become caked at a moisture level of 2.8%. 

Powder with added oil entrapped in sorbitol was 
not found to differ appreciably during storage from 
powders with added oil entrapped in sucrose and 
dextrose, The ratio of correct to total Judgments did 
not exceed 22 48 

Location of the desiccant in No. 10 (603 x 700) cans 
at side, center, or end position had little effeet on 
powder flavor during storage. A maximum of 22 cor 
rect in 44 total yudeme nts resulted when stored pow 
ders with center and side or center and end desiccant 


positions were compared 


po 
by 
Temp., F 20 2.3 2.5 2.8 3.3 3.5 
21 7 7 
2 2 2 2 2 
| 
| 
i 
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The rate of flavor change during 70° F. storage was 
similar for powders packaged in 6 oz. and No. 10 cans. 
After 3 months at 70° F., judges found the condi- 
tioned powders different from controls for both 6-o0z. 
cans (58 correct/108 judgments), and No, 10 cans 
(23 correct /44 judgments). 


SUMMARY 


Vacuum-dried orange juice powder containing no 
additive other than NalISO, was stored at 70°, 77°, 
and 100° F. Changes in flavor and chemical composi- 
tion were evaluated at intervals during storage. 

The stability of the entrapped cold-pressed orange 
oil was excellent whether in sorbitol, sucrose, or dex- 
trose. Powders containing up to 0.11% free oil were 
equal in storage stability to those containing 0.058% . 

The vacuum-packed powder, after 70° F. storage 
for one year, was equal in flavor to the —30° F. con- 
trol, when compared by ranking. The triangle taste 
test showed the 3-month 70° F. sample to be different 
from the —30° F. control. After 30 days at 100° F. 
the sample was judged to be different from the 
—30° F. control. 

The IPD desiccation rates of orange juice powder 
at 70° and 77° F. were about 10% greater in 6-o0z. 


than in No. 10 cans. Location of the desiccant in the 
No. 10 can had no significant effect on desiccation rate 
of the powder. 

Loss of SO. in orange juice without other additive 
occurred only in the drying process. The consistency 
of the juice was unaffected and the color but slightly 


affected by the drying and storage operations. 
Under the most adverse conditions used (6 months 
at 100° F.) 75° of the ascorbic acid was retained. 
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MEASUREMENT of the 
quality of peas using a semiautomatic testing device 
is a much desired goal in the green pea industry. A 
Strain Gage Pea Tenderometer, developed and evalu- 
ated by the Department of Food Technology, M.I.T., 
shows considerable promise. A description of the 
apparatus and methods used to evaluate its effective- 
hess are reported in this paper. 

The great differences in quality that exist between 
peas in different stages of maturity necessitate 
methods for evaluating quality. Four basic evalua- 
tion techniques — organoleptic, chemical, physical, 
and mechanical—are currently in use. Each has cer- 
tain disadvantages. The organoleptic technique is 
subjective and often unwieldy; chemical methods, 
although accurate, are slow; and physical or mechani- 
cal methods, although rapid, are difficult to stand- 
ardize. 

A large number of mechanical devices for meas- 
uring pea maturity have been developed in the past 
quarter of a century. These include the puncture- 
meter, the texturemeter, the maturometer, and the 
American Can Company Tenderometer, which has 
the widest use today (7, 3,5,7). Most of the methods 
now in use have a distinct disadvantage in that they 
give only an average value of the quality of the sam- 
ple (6). However, the subjective and brine flotation 
tests give some indication of the distribution of qual- 
ity in a sample 

Pea testing on the strain gage denture tenderometer 
has given results which show a high degree of correla 
tion with the subjective results obtained with taste 
panels and the results obtained with the Canco Ten- 
derometer, Since one pea at a time is presented to the 
denture tenderometer, the results may either be used 
to obtain an average for all the peas in a sample or 
presented for each pea to show the distribution of 
individual pea quality. However, the denture ten- 
derometer requires the use of skilled personnel and, 
since its operation is manual, it cannot perform 
measurements, with great speed (77). 

Accordingly, an instrument was designed that not 
only utilizes the basic masticatory motion and dental 
surfaces of the denture tenderometer but also oper- 
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ates semi-automatically, receiving and chewing peas 
one at a time, recording the physical properties in 
digital form, and cleaning itself after each single bite 
or measurement, 


DESCRIPTION OF APPARATUS 


Relative positions of the mechanical and electronie 
components of the instrument are depicted symboli- 
cally in a block diagram in Figure 1. 


rower 
SUPPLY 
ATOR 
on 
TOR 
masticating 
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Figure 1. Symbolic block diagram showing relative mechani- 
cal and electronic positions of components of Strain Gage Pea 
Tenderometer. 


A representative sample of peas is placed in the 
feed mechanism which feeds peas one at a time to a 
two-molar masticating unit. The resistance to chew- 
ing caused by the pea is reflected as a change in strain 
on the main drive shaft of the masticator which, in 
turn, is sensed as a change in resistance by a bonded 
wire resistance strain gage fixed to the shaft. The 
change in strain gage resistance is amplified  sufti- 
ciently to energize a counter mounted on a digital 
board containing ten such counters. The relative 
physical resistance to chewing determines which 
counter will register a count. The less resistance 
offered or the less mature the pea, the lower will be 
the counter energized, and vice versa, 

A photograph of the feeding and masticatory as- 
sembly is shown in Figure 2. 

The masticatory assembly is designed to receive peas 
individually at the rate of 20 per minute, to chew 
them one at a time between two pairs of opposing 
molars, and to clean itself after each bite so that it is 
ready for the next pea. The entire apparatus is aectu- 
ated by a geared-down electric motor connected to it 
by conventional mechanical shafts, gears, and chain 
drives. 

The feed mechanism allows one pea at a time to fall 
into a cuplike receptacle, which is split and held 
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Figure 2. Masticatory section of Strain Gage Pea Tender- 
ometer. 


together by springs. This receptacle is part of a cireu- 


lar rotary table. The entire table rotates through 
the pea-containing receptacle is directly 
between two fully opened pairs of opposing upper 
and lower molars. The teeth are commercial mechani- 
cal, or flat surface, denture molars made of Vitallium 
(registered trademark of Austenal Laboratories, 
Ine.), a cobalt chromium alloy. 

When the rotary motion ceases, a vertical drive 
shaft, to the lower end of which is attached the upper 
pair of molars, descends downward, preceded by a 
steel spade which acts as a wedge to spread apart the 
two halves of the split receptacle. The pea then rests 
freely on the lower pair of molars and is chewed by a 
simultaneous combination of (1) the upper molar’s 
downward crushing motion, and (2) a 2-mm. lateral 
shearing motion of the lower molars. 

The reaction force of the pea to mastication is 
sensed by a strain gage fixed to the drive shaft. A 
dummy temperature compensating strain sage is 
bonded to the drive shaft bearing. The straia gages 
are Baldwin-Lima-Hamilton Corp, SR-4, type A-18 
(nominal resistance 120 ohms, gage factor 1.8, and 
size '4,-inch long and 'y-inch wide 

As the pea is chewed, another pea is dropped into 
a second, similar, split cup at the feed position, which 
is diametrically opposite the first or filled cup on the 
rotary table. When mastication is completed, the 
upper pair of molars and its associated spade with- 
draw. The first reeeptacle then closes upon the pea 
debris and begins a 180° rotation to the teeth. Stiff 
bristled brushes on the under side of the rotary table 
scrub the remaining debris from the lower molars, 
and the moving brushes are, in turn, cleaned by simi- 
lar brushes rigidly fixed to the base of the apparatus. 

After the rotary table has passed through about 
one quarter of a revolution, the split cup is again 
opened by means of a protruding serew on one-half 
of the cup, which engages a rigid rubber pin during 
its travel. The cup is thus opened sufficiently to allow 
the pea debris to drop out of the cup. 

The entire feeding, chewing, and self-cleaning 
operation takes place at a rate of about 20 peas per 
minute. 
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Both the regulated and unregulated electrical 
power required for the electronic components are 
furnished by a conventional two-channel regulated 
power supply modified from standard cireuit dia- 
grams to give the specifications required and which 
operate directly from a 110-volt line (2). Figure 3 is 
a diagram of this circuit, which employs a high gain 
feedback loop to compare the output voltage with a 
standard voltage derived from a glow discharge tube. 
Both output channels operate at a regulated 300 
volts. The channel powering the oscillator-amplifier- 
detector elements has a capacity of 150 ma and that 
powering the differential discriminator, a capacity 
of 75 ma. 


TWO CHANNEL POWER SUPPLY 


Figure 3. Circuit diagram of two channel power supply. 


The strain gages form one side of a Wheatstone 
bridge. The bridge voltage is supplied by a standard 
strain gage oscillator designed for 1000 cps but oper- 
ating at 1300 eps (4). Figure 4 is a cireuit diagram 
of this component, available commercially with pro- 
vision for strain gage input. 

As in most oscillation circuits, the oscillation is 
created by a positive feedback loop, with a Wien 
bridge used to determine the frequency of oscillation. 
The wave is fed to a phase inverter which, in turn, 
feeds two output power tubes in push-pull. Ampli- 
tude is controlled by a potentiometer in the grid of 
the inverter stage. The oscillator is operated for 
stability, with 5 volts rms output to the strain gages. 


1000 OSCILLATOR 


Figure 4. Circuit diazram of oscillator. 
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AMPLIFIER DETECTOR 


Figure 5. Circuit diagram of amplifier-detector section of 
Strain Gage Pea Tenderometer. 


The Wheatstone Bridge output feeds through a 
step-up transformer and six-stage precision at- 
tenuator to a low noise tube, which is the first stage 
of a conventional strain gage amplifier (4). Figure 5 
is a diagram of the amplifier-detector circuit. The 
signal is further amplified in subsequent stages in- 
cluding a push-pull output stage and is then fed to a 
full-wave rectifier and an impedance’ matching 
transformer. 

Conventional detector and filter circuits were 
applied to the unit at this point in order to feed a DC 
signal to the differential discriminator. The latter 
circuit was especially designed to obtain a digital out- 
put. Although the oscillator-bridge-amplifier circuits 
are conventional, the remaining circuitry was not 
available and had to be created for the purpose. 

A full-wave rectifier with a high-load resistance 
acts as a detector to convert the amplified high fre- 
quency AC toa DC signal. A twin-T 60-cycle filter is 
inserted between the detector and the output cathode 
follower to reject 60-cycle noise to ground. The 
cathode follower is used as an impedance matching 
element between the amplifier-detector and the dif- 
ferential discriminator. 

Figure 6 is a cireuit diagram of the differential 
discriminator, which analyzes the pulse heights  re- 
ceived from the active strain gage and actuates the 
proper counter. The cathode-follower output feeds 
ten potentiometers on the differential discriminator 
chassis, which determine at what signal value each 
counter will be actuated. 

Lach triode unit is used to operate a single plate 
relay. If a plate relay throws, a single 110-volt relay 
trips and is locked in an activated position until the 
110-volt power is interrupted. The contacts of the 
110-volt relays are arranged so that only one counter 


operates at a time. The 10 potentiometers are set so 
that the first triode responds to the smallest signal, or 
that obtained from the tenderest peas, and the tenth 
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triode to the largest signal, or that received from the 
toughest peas. 

A 110-volt relay in the differential discriminator 
chasses controls the power to the counters and to the 
plates of the discriminator triodes. The entire unit 
is timed with the aid of two microswitches on the in- 
put transducer to operate in the following cycle. As 
the pea is masticated, the plate relays activated by 
the signal momentarily close. This locks the associ- 
ated 110-volt relays. As the tooth is lifted from the 
pea, the 110-volt relay in the differential diserimi- 
nator chassis is mementarily activated. This inter- 
rupts the plate voltages on the triodes so that the 
energizing of another plate relay by any secondary 
pulses is prevented and the counters are activated. 
Just before the next pea is masticated, the 110-volt 
relays are momentarily released by the 110-volt relay 
on the differential discriminator chassis in order to 
prevent spurious counting. The pea is then chewed 
and the eyele is repeated. The timing is planned with 
a view to reject spurious signals and to ensure com- 
plete deactivation of plate and 110-volt relays. 


EXPERIMENTAL PROCEDURE 


Initial calibration tests were carried out to determine set 
tings of the gates to the counters or the electronic equivalents 
of the levels of maturity of individual peas that cause each 
counter to register a digit. These calibration studies served to 
evaluate the instrument on a preliminary basis, rather than to 
measure any characteristics of the sample of peas. 

Peas for the tests were supplied by a Maine eanner. The 
peas were field-run and were vined in a mechanical viner on the 
same morning as picked, but not further processed. They were 
then placed in polyethylene bags that each held about 2 pounds 
of peas. The bags, when filled, were sealed with cellophane 
tape, placed in a cardboard box, iced, and flown to Boston by 
Air Express. The peas arrived at the laboratory within 4 hours 
ifter being picked. 
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FFERENTIA CRI MINATOR 


Figure 6. Circuit diagram of differential discriminator show- 
ing counters, mounted to give digital output. 
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The basie experimental proceedure was to test 100 peas in the 
pea tenderometer, As an index of quality distribution, use was 
made both of the results indieated on the counters and visually 
observed pulse heights measured on a eathode ray oscilloscope 
in parallel with the input to the digital board. One hundred 
peas from the same batch were tested simultaneously in the 
strain gage denture tenderometer as a reference standard. In 
this instanee the maximum vertical deflection in the foree-time 
figures occurring on the first bite was used as the quality 
imlex (17). 

In separate tests with both instruments, 100-unit samples of 
both random sized peas and selected uniform sized peas were 
studied. The selective sizing of the peas was performed by use 
of «a template with holes of 10 different diameters, with the 
maximum size being 10 mm, to accommodate the eups which 
transfer the peas to the teeth. Although 100-unit samples may 
be insufficient to give accurate results (9), this number of units 
per sample was relatively convenient to handle and gave re- 
producible results, 

The distribution results from the pea tenderometer were 
compared with those from the denture tenderometer, and both 
results were averaged and compared with Caneo tenderometer 
ratings and with data on contents of aleohol insoluble solids 
und eanned product grade seores for samples from the same 
bateh furnished by the canner’s quality control staff. 

A preliminary series of tests with the pea tenderometer 
served as a means of setting the gates. The differential input 
to the discriminator required to inelude all the peas in ten 
evenly spaced maturity eategories was found to be 3 volts be 
tween gates. The first counter was set at 3 volts at the lower 
limit to ensure that the inherent noise of the instrument would 
not trip the first counter. At the upper limit the first counter 
was set at 6 volts. The tenth counter had a lower gate setting 
of 30 volts and no upper limit, so that this counter would indi- 
eate all peas that should properly fall into this eategory as 
well as any unusual peas that might properly have a higher 
quality index. 

Individual peas of both the selected and the random-sized 
lots were fed to the strain gage pea tenderometer, and the 
distributions of maturity indices were recorded from both the 
counters and the eathode ray oscilloscope pulse heights. Use of 
the oscilloscope was necessitated by the need for a check of 
the operation of the relays within the digital board. The 
vertical pulse deflection of the cathode ray instrument is an 
necurate index of the amplified electrical equivalent of pea 
maturity as sensed by the active strain gage. 

The technique used with the denture tenderometer to obtain 
a standard distribution of maturity indices was to reeord the 
first-bite vertieal deflections of the foree-time figures for the 
100 peas in the sample. The 100-unit averages of these de- 
tlections for the selected sizes were used for comparison with 
the Caneo tenderometer data sent by the packer. 

To obtain as a reference basis the maturity distribution of 
individual peas, the minimum individual defleetion in a 100 
unit sample tested in the denture tenderometer was subtracted 
from the maximum deflection to get the total range of deflee 
tions. This result was divided by 10, the number of categories 
it was desired to establish, which was equivalent to the num- 
ber of counters on the strain gage pea tenderometer. The 
quotient was the minimum range of individual deflections 
indicated by the denture tenderometer for each of ten maturity 
eategories, 

To ensure that peas of all possible degrees of maturity in 
different series of 1L00-unit samples could be included in this 
type of analysis of maturity distribution, the assumption was 
made that the total range of individual deflections that might 
be reeorded would be somewhat greater than the standard 
range as calculated above for the denture tenderometer test. 
For this purpose it was assumed that the minimum deflection 
would be somewhat smaller than the smallest deflection noted 
in the reference test with the denture tenderometer. The 
ranges of deflection in 10 maturity categories were then ealeu- 
lated by (a) adding one-tenth of the assumed total range to 
the smallest detleetion recorded by the denture tenderometer 
te obtain the upper limit of the first maturity category, (b) 
adding the same value to the first category’s upper limit to 
obtain the upper limit of the second eategory, and (¢) so on 


through the tenth category. The individual deflections for each 
100-unit sample were then examined, and the number of peas 
having deflections falling between the lower and upper limits 
of each maturity category thus calculated was counted and 
recorded, to secure the distribution of maturity indices in the 
several categories. 


RESULTS AND DISCUSSION 


The distribution of samples of 10 mm. diameter 
peas according to the ten-category maturity indices is 
shown in Figures 7 and 8 for two series of experi- 
ments. In both series the distributions of ungraded 
or random sized peas in the several categories as indi- 
cated by the pea and denture tenderometers show 
considerable differences, evidenced by the sharp peak- 
ing in Figure 7 as opposed to the flatness of Figure &. 
This result was not unexpected since the dependence 
of the maturity index on unit size has been previously 
demonstrated (7, 8, 9). 
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MATURITY CATEGORY 


Figure 7. Distribution of maturities of raw field run early 
season peas, as determined by the Strain Gage Denture Tender- 
ometer and the Strain Gage Pea Tenderometer (unit counters 
and oscillograph pulse heights). 
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Figure 8. Distribution of maturities of raw field run late 
season peas, as determined by the Strain Gage Denture Tender- 
ometer and the Strain Gage Pea Tenderometer (unit counters 
and oscillograph pulse heights). 
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SUNKIST KNOW-HOW produces the 
finest citrus products to be had. That 
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those citrus products—over 400 of 
them—can help solve your food 
processing problem. 

Every course on the American menu 
has profited from Sunkist research or 


Exchange products. We've made a 
good condensed soup glorious by add- 
ing a few ounces of Exchange Lemon 
Juice to 100 gallons of it. We have 
stopped pies from ‘‘bleeding’’ by 
using Exchange Low Methoxy! Pectin 
in the filling. 

And between soup and dessert, 
Sunkist devised enough manufactur- 
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Measurements of sizes of field-run peas by a tem- 
plate divided into 10 size classifications to determine 
the distribution of pea sizes gave distribution curves 


that were approximately mirror images of the ma- 
turity index distribution curves for selected sizes of 


peas. This indicates that, contrary to reports in the 
literature, maturity index cannot be measured by 
unit size. However, since ungraded peas vary in size, 
and since the output of instruments having simulated 
masticatory motion is dependent on size (10), the 
factor of size must be eliminated to achieve statisti- 
cally significant results. Accordingly the results ob- 
tained for selected peas of uniform size were con- 
sidered significant in these studies. 

The distributions of maturities of selected sizes of 
peas as measured by the pea and denture tenderome- 
ters were in close agreement. There was also close 
agreement between cathode ray oscilloscope pulse 
height and counter distributions, especially in the last 
series, indicating that the operation of the relay 
actuated counters was satisfactory. 

The approximate equivalent Canco tenderometer 
ratings for the 10 maturity categories based on data 
previously reported (11), were as follows: 


Equivalent Canco 
rating 


0 i” 


75 on 
OO-105 
105-120 
135 
150 
165 
165-180 
180-195 


195-and above 


These equivalents and the number of peas falling 
into each category reveal the extremes of maturities 
of individual peas in a lot and thus show clearly the 
ability of the Canco tenderometer to submerge,yabnor 
mal distributions in a single average value. 

Probably the most significant feature of the dis- 
tribution data is the sharpness of the peaks obtained 
in the earlier test series, which is indicative of a rela 
tively uniform product. In the final test series the 
peak is more level, indicative of a lessening of product 
uniformity as the season progresses. This is in agree- 
ment with observations made by the quality control 
staff of the pea canner, which showed a significant 
quantitative increase in the number of mature peas 
rejected in the plant’s brine flotation equipment later 


in the season. 
CONCLUSIONS 


An electronic instrument has been designed for 
obtaining information semi-automatically and rapidly 
on the distribution of maturity of peas in a lot. The 
output of this instrument is in a convenient digital 
form, which enables the operator to observe the re- 
sults directly at any time during testing. 

Although it was the intention of the authors only to 
build a new instrument, distribution results from the 


unit when compared with similar results from the 
previously validated strain gage denture tenderome- 
ter were found to be in close agreement. Average re- 


= 


sults from the denture tenderometer correlated well 
with industrial standards for the lots tested. 

Two findings with the new device which will proba- 
bly require confirmation were (1) the disclosure of 
extremes of maturity of individual peas in a lot hav- 
ing a low average rating as determined by the Caneo 
tenderometer, and (2) the agreement of distribution 
results with the packer’s qualitative observations of 
a lowering of pea uniformity as the season progresses. 

Qn the basis of these preliminary and very en- 
couraging results, it was considered that the Strain 
Gage Pea Tenderometer has sufficient potential to 
warrant refinements and further investigation as a 
research tool. 
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The Effect of Several Antifungal Antibiotics on the 
Growth of Common Food Spoilage Fungi 


Moanu:cript received Ju'y 12, 1958 


Tue FUNGAL SPOILAGE of food is 
familiar to every handler of perishable foods and food 
products, Fresh fruits and vegetables are plagued 
with an array of mildews, blights, rots, spottings, and 
wilts of fungal origin. In meat and fish, while bae- 
terial spoilage is of dominant importance, the slower 
growing yeasts and molds become more important 
when bacterial growth hindered. Dehydrated, 
smoked, and salted fish and meats frequently have a 
moisture content quite adequate for the development 
of molds and yet tend to hinder bacterial growth. 
Despite the potential control of fungal food spoilage 
by the use of antifungal antibioties, only a limited 
amount of work has been done on this approach. 

Several antifungal antibiotics have been available 
for some time but have received limited attention. 
Griseofulvin has been the subject of several investi 
gations (4,5,6,7). Stubbs (23) reported the control 
of Botrytis cinera infections of lettuce and Alternaria 
solani infections of tomatoes by foliage spray with 
griseofulvin. Griseofulvin has also been shown to be 
inhibitive to the growth of fungi responsible for onion 
rot, gray mold of lettuce, and chocolate spot of beans 


(20), and promising in the control of Fusarium and a 
variety of root rots (9). Since its isolation in 1947 by 
Leach, Ford, and Whiffen (78), acidione has proved 
to have a fairly broad spectrum of antifungal activity. 
Actidione has been demonstrated to inhibit the growth 
of most veasts and phytopathogenic fungi (17, 28). 


It has been shown to protect beans from powdery 
mildew (25, 26), decrease in incidence of cucumber 
seab (/2), control cherry leaf spot (70, 14, 16), and 
control wheat rust caused by Puceinia graminis var. 
fritier (27). Fungizone, a preparation containing the 
two antifungal antibioties amphotericin A and ampho- 
tericin B, has received little nonmedical study. Gold 
etal, (15) tested a number of fungi for sensitivity to 
the amphotericins and showed that a mixture of the 
two antibiotics was highly active against most of the 
fungi tested. Very little published information is 
available on the use of either nystatin or rimocidin in 
the field of plant pathology or food technology. Nei- 
ther of these antibiotics was effective in protecting 
beans from powdery mildew (30) nor in the preven- 
tion of fish spoilage (79). However, Tarr et al. (24) 
found rimocidin useful in preventing yeast growth on 
fish treated with chlortetraeyeline and Ayres ef al. 
(1) reported that rimocidin was effective in inhibit- 
ing the development of veast indigenous to dressed 
poultry. Nystatin was demonstrated to be active, in 
vitro, against a wide variety of fungi by Brown and 
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Hazen (8). There was published information 
available concerning the properties or activity of 
myprozine. 

The purpose of this investigation was to determine 
the activity spectrum of available antifungal anti- 
biotics against a variety of yeasts and molds respon- 
sible for the spoilage of foods. Two testing procedures, 
an agar plate method and a shake culture technique, 
were compared and used to determine the antifungal 
activity of six antibiotics and sorbic acid against six- 
teen yeasts and molds of economic importance. 


EXPERIMENTAL 


Antifungal agents. The 6 antifungal antibiotics and sorbic 
acid used in this study were obtained from the following 
sourees: sorbie acid (Batch 236, S1123) from the Carbide and 
Carbon Chemicals Corporation; griseofulvin (S7RT, S44) from 
Merek and Company ; acidione from The Upjohn Company; fun 
gizone (Bateh P-1) and nystatin (Mycostatin, 133087-023) fron 
the Squibb Institute for Medical Research; rimocidin (934 
y/mg.) from Charles Pfizer and Company; and myprozine 
(Antifungal A-5283, R146) from the Lederie Laboratories of 
the American Cyanamid Company. 

Test organisms. Sixteen different common food spoilage 
fungi were used as the test organisms. These included both 
yeasts and molds. Pure cultures of these organisms wer: 
obtained from the culture collection of the Department of 
Food Technology, University of Illinois, the Northern Regions! 
Utilization Research Branch, or isolated from a spoiled food 

Preparation of inoculum suspensions. To prepare a heavy 
uniform suspension of the test fungus, a potato dextrose agai 
slant was inoculated with the organisms from the stock eulture 
and incubated for 96 hours at 25> +2°C. The growth from 
the slant was transferred to a 250-ml. Erlenmeyer flask that 
contained 50 ml. of sterile Sabouraud dextrose broth adjusted 
to pH 4.0 with HCl. After 72 hours’ incubation at 25° + 2° ¢ 
on a reeiproeating shaker the supernatant broth was deeanted 
and the sediment taken up with 100 ml. distilled water. If the 
test organism was a mold, the pellets of mycelial growth were 
disintegrated and homogenized in a sterile Waring blender jar 
When the test fungus was a yeast, a uniform suspension was 
obtained by vigorous shaking. The suspension was then ad 
justed to an optical density of 0.60 with sterile distilled water 
and stored in a screw cap bottle at 0° C. until used. 

Inhibition studies. The antifungal activity of each test 
compound was evaluated by both an agar plate method and a 
shake culture technique. Sabouraud dextrose agar with a pH of 
5.6 was used as the plating medium for all of the organisms 
The shake culture broth was composed of 1.0% peptone and 
4.0% dextrose, and was acidified to pH 4.0 with HCl. 

Both the solid and liquid media were prepared in one-liter 
amounts and autoclaved. When the media had cooled, 0.10 g. 
of « test antibiotic or 1.0 g. of dry sorbie acid was added to 
the one liter of medium. Antifungal agents were ineorported 
into the broth or agar by mixing in a sterile Waring blender 
jar. Antibiotie-free broth or agar were used to dilute the 
original 100 p.p.m. and 1,000 p.p.m. suspensions to the desired 
concentrations. 

In the agar plate method, 25 ml. of the agar containing 
the substance to be tested were placed into a Petri dish with 
a sterile volumetrie pipette. After solidifieation of the agar 
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one drop of the suspension of the test organisms was placed 10 ml. of test compound-free medium. The flask was placed on 
in the center of the plate with a loop of 4.0 mm. inside diameter. a reciprocating shaker and incubated for 72 hours. At the end 
The plate was incubated in an upright position for not more of this incubation period, the presence or absence of growth 
than 48 hours, and then inverted to prevent the seeding of new was recorded, 

colonies. An incubation temperature of 25° + 2° C. was used All tests were run in duplicate and appropriate controls were 
throughout the inhibition studies. After 96 hours of incubation included 


the diameter of the colony was measured and the per cent in 
hibition of growth was ealeulated using the following formula: RESULTS AND DISCUSSION 


Radial growth of test plate in mm. * 100 


“% Inhibition = 100 Per cent inhibitions of the test fungi by various con- a 
centrations of the antifungal antibiotics and sorbic 
In order to determine whether or not the concentration of acid as determined by the agar plate method are given 
the test compound which gave complete inhibition for 96 hours 
in Table 1. The test compounds were arranged in the 


would permit subsequent yrowth, a plate whieh was negative 
table in order of their over-all effectiveness. In the 


after 96 hours of incubation was ineubated for an additional 
10 days. After a total incubation time of 2 weeks the presence testing procedures used in this investigation the yeasts 


or absence of growth was noted and the eoneentration of the and molds were grown under near optimum condi- 
test compound which completely inhibited the growth was re 
corded as the fungistutic concentration of the given compound 


tions with a controlled temperature and adequate 


nutrients. Hence, the concentration of antibiotic nee 


against the specifie organism. 


To determine the inhibitory concentration of the test com essary to suppress growth in this study would be 


pound by the shake culture technique, 25 ml. of the liquid expected to be greater than that necessary under con 
plugged Erlenmeyer ditions less favorable for fungal growth. Therefore. 
flask. The flask was then inoculated with one drop of the test 


it was not surprising that Napier and Turner (20) 


organism suspension and placed on a shaker. After 96 hours : in. : 
demonstrated complete inhibition of Botrytis cinera 


of incubation the amount of growth was estimated. The rel: 
tive turbidity of the broth was the criterion by which the amount by 20 p.p.m. of griseofulvin under laboratory condi- 


of yeast growth was estimated, while the number and size of tions not very favorable for the growth of the mold 
mycelial pellets was estimated to evaluate the growth of mold. ; ‘ 


While the results obtained in this investigation showed 


A tlask which was negative after 96 hours of incubation was 
subeultured by transferring a loopful of the broth from the 
negative flask into a 50-ml. Erlenmeyer flask which contained 


only 60.7% inhibition by 100 p.p.m. of griseofulvin. 


And Zaumeyer (29) reported the preharvest control 


TABLE |! 


Effect of antifungal antibiotics and sorbic acid on the growth of various fungi in agar plate culture 


Per cent inhibitior f growth after 96 hour neubation at 25 + ( 


Test . = 


compound p.p.m 


ispergillus 


Botrytis 
Fusarium 


ilterna 
niger 


sp 


Acid 


Sorbie 


Griseofulvin 
Fungizone | 

Nystatin 
~ 
| 
Rimocidin 
| 


Myprozine 


7 
4 
| 
| 
500 row woo 57 ow po l row oo 37 
1 
4 loo Loo 76 1 Low boo boo oo oo | 
1 18 28 26 10 2 “ 10 | 
| 
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of several fungal diseases with 2 p.p.m. actidione 
while only one mold was controlled by this low level 
of the antibiotic under the conditions of testing in 
this study. Most of the molds were partially inhibited 
by griseofulvin, but the per cent inhibition did not 
change markedly with dilution suggesting a very low 
dilution coefficient for this compound. Various in- 
vestigators have shown that concentrations of from 
0.01% to 0.10% (100-1,000 p.p.m.) sorbie acid effec- 
tively controlled the growth of fungi in a variety of 
food products (2,9, 13, 21, 22), which concurred with 
the complete inhibition of most yeasts and molds by 
500 p.p.m. of sorbic acid as reported in Table 1. 

Absidia sp. appeared to be the least sensitive of the 
test fungi to the inhibitory action of the antibiotics, 
while Selerotinia frueticola and Botrytis cinera ap- 
peared to be the least resistant. Hence, the employ- 
ment of the latter two molds as test organisms in the 
screening of good antifungal antibiotics would ap- 
pear undesirable unless the sereening was directed 
towards the control of a problem in which these molds 
were specifically involved. 

A comparison of the concentrations of antibiotics 
necessary to produce complete inhibition of the test 
fungi for 96 hours by both the agar plate and shake 
culture methods is given in Table 2. These results 
show that the concentrations necessary for the eom- 
plete inhibition of the test fungi were essentially the 
same for both soth methods were easily 
reproducible and efficient in the evaluation of the anti- 
fungal activity of the test However, 
measurements of the sizes of the colonies in the agar 


methods. 
compounds. 


plate procedure provided a more sensitive estimation 
of the inhibitory activity of increasing amounts of the 
test compounds. In the shake culture technique, eval- 
uation of the amount of growth in the positive cul- 
tures was limited to the descriptive terms of heavy 
yrowth, moderate slight growth, and 
growth, while in the agar plate method a reproducible 
percentage inhibition could be caleulated. For this 
reason the complete data, as was given in Table 1 for 
the agar plate method, was not included in table form 


growth, no 
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for the shake culture technique. Such data would 
have been merely a repetition of Table 1 with only 
minor exceptions. On the other hand, the shake cul- 
ture technique provided a more rapid method for the 
determination of the inhibitory concentration of the 
antifungal agents. However, since a number of dilu- 
tions of each test compound had to be made, this pro- 
cedure required a considerable amount of shaking 
equipment. 

All of the antifungal agents were at 
slightly soluble in water and fungizone and griseo- 
fulvin could insoluble. Since 
agents had no common solvent, the compounds were 
added directly to the media. This procedure avoided 
variation which would have resulted from the 

of the various solvents or Ae growth of the 


best only 


be considered these 


any 
effect 
organisms or the variations in the rates of diffusion 
of the solvents through the agar. Agitation of the 
liquid medium provided optimum growth conditions 
for the fungi by insuring adequate aeration, and also 
kept the aqueous insoluble compounds suspended 
throughout the medium. Thus, the test 
were in constant contact with the antifungal agents 
which were either dissolved or suspended in the liquid 


organisms 


medium, 

In 65° of the tests which showed complete inhibi- 
tion for 96 hours by either the agar plate or shake cul- 
ture method no further growth was noted by extend- 
ing the incubation of the agar plates to 2 weeks or 
by subculturing the shake cultures and ineubating an 
additional 72 hours. In the remaining 35°) an in- 
from 2X to 5X the concentration of the 
antibiotic was necessary for complete inhibition by 


crease of 


these supplimental tests. 

The advantages to be gained by the use of antibiotics 
in the prevention of food deterioration, both pre- 
harvest and postharvest, have been described by Zau- 
meyer (29) and Deatherage (11), respectively. Re- 
sults of this investigation have clearly shown that a 
wide range of fungi responsible for the deterioration 
of food can be controlled in the laboratory by low 


The 


concentrations of several antifungal antibiotics. 


TABLE 2 


Concentrations of antifungal agents necessary for complete inhibition of growth of 
various fungi for 96 hours in agar plates and shake cultures’ 


Fungus Sorbic Acid 


Agar Broth 


ap 500 500 


iiternaria ap 500 500 


niger 500 
roo 


100 


Kotruytia cinera 500 


Fusarium a 500 


Mucor 


Oidium lactia 


mucedo 
soo 
Penicillium digitatum 


Penicdlium exrpansum 
Penicillium ap 500 
Rhizopus ap soo 
KRhodotorula gracilia 500 
Naccharomyces cere viawe 


Scerotinia fructicola woo 
lorulaapora roset 


Zugesaccharomuces barkerti 


' All test organisms grew in both agar and broth containing 100 p 
in agar at this concentration 


Actidione 
Agar 


100 


1 


100 
S100 


loo 
row 


p.m 


Concentration in p.p.m. 


Fungizone Nystatin Rimocidin Myprozine 


Broth Agar Broth Agar sroth Agar Broth Agar Bro 


100 


50 
50 
25 
oo 

100 


5 
5 
5 
5 
5 


10 


of griseofulvin except Sclerotinia fructicola which was completely inhibited 


at 
Hl 
: 
ah) 
pes 
ee 
ne 
th 
100 5 10 5 5 
I 5 1 1 
a 100 5 5 5 5 
S100 100 10 10 
bet 4 5 25 10 25 25 5 5 5 
ye: > 100 25 25 10 25 5 5 10 
25 5 5 5 5 1 
50 100 >100 100 5 5 5 
100 10 10 10 5 5 
5 25 5 5 10 5 5 
ei 5 10 1 5 5 I 5 
10 50 95 25 10 
5 25 25 5 
3 
: 


ultimate practical use of these antibiotics in the con- 
trol of food spoilage will depend upon further infor- 
mation concerning their toxicity, stability, degrada- 
tion products, if they undergo degradation, methods 
of application, and economic considerations. 


SUMMARY AND CONCLUSIONS 


The effectiveness of six antifungal antibiotics and 
sorbic acid in inhibiting the growth of 16 common 
food spoilage fungi was evaluated. Two testing pro- 
cedures were used, an agar plate method and a shake 
culture method. Results obtained with the two pro- 
cedures were comparable. Advantages and disadvan- 
tages of the two test procedures were discussed. 

Antifungal antibiotics arranged in order of de- 
creasing effectiveness in producing complete inhibition 
of the test fungi are myprozine, rimocidin, nystatin, 
fungizone, actidione, and griseofulvin. Myprozine 
was only slightly more effective than rimocidin. Al] 
test organisms were completely inhibited for 96 hours 
by 25 p.p.m. or less of these two antibiotics, or by 
100 p.p.m. of nystatin, the next most effective anti- 
biotic. Fungizone at a concentration of 100° p.p.m. 
inhibited all but 3 of the test fungi for a 96-hour 
period. The concentration of actidione necessary for 
complete inhibition for 96 hours varied from 1 p.p.m. 
to greater than 100 p.p.m. Three of the four test veasts 
were completely inhibited by 5 p.p.m. of aectidione. 
Griseofulvin, the least active of the test antibiotics, 
was not active against the yeasts and only one mold, 
Sclerotinia frueticola, was completely inhibited for 
96 hours by 100 p.p.m. of this antibiotic. 

Of the fungi tested, Absidia sp. Was the most re- 
sistant to the inhibitory action of the test antibiotics, 
while Sclerotinia fructicola and Botrytis cinera ap- 
peared to be the least resistant. 

All test fungi except Aspergillus niger and Zygo- 
saccharomyces barker were completely inhibited 
for 96 hours by 500 p.p.m. of sorbic acid. These two 
fungi were not inhibited by 1,000 p.p.m. of sorbie 
acid when the agar plates were incubated for two 


weeks or 96-hour shake cultures were subcultured. 
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Application of Flavor Enzymes to Processed Foods. |. 


Panel Studies ° 


Manuscript received May 31, 1958 


S. IENTISTS RECOGNIZE that the 
characteristic flavors of fruits, vegetables, and other 
fresh foods are caused by chemical compounds pro- 
duced by the organisms as a result of their normal 
metabolic processes, This is also true for many other 


properties of fresh biological materials. To preserve 


these foods and materials, the metabolic processes 
have to be arrested. This can be done by substantially 
destroying or inactivating the enzymes, and for many 
years, foods have been stabilized in this way. How- 
ever, certain changes in flavor usually occur during 
heat stabilization. These changes may consist in loss 
of flavor or in the development of off-flavors. 

In previous publications (/, 2), it has been reported 
that non-volatile, relatively heat-stable compounds, 
present in foods, will survive heat processing and that 
the flavor precursors or progenitors appear to be 
among them. It follows then that these flavor pre- 
cursors can be converted to flavor by the addition of 
specific, appropriate flavor enzymes, thus regenerat- 
ing fresh flavor in processed foods. In other cases, the 
fresh flavor appears to mask or reduce the undesirable 
flavors. Substantiating evidence for the theory and 
application of the enzymatic flavor restoration or 
enhancement concept has been given (1, 2). 

The effect of flavor enzymes on a variety of foods 
has been evaluated by a considerably larger, hetero- 
yveneous group of judges which ineluded food experts 
as well as non-technical people. The following paper 
summarizes the data obtained from a series of ** flavor 
enzyme demonstration evaluations. 


* Presented at the [Sth Annual Meeting of the Institute of 


Food Technologists, Chicago, Ilinois, May 27, 1958. 


Kurt S. Konigsbacher, 
Eric J. Hewitt, and 
Ralph L. Evans 


Evans Research and Development Cor- 
poration, New York 17, N.Y. 


PREPARATION OF SAMPLES 


Commercially processed dehydrated, canned, and frozen 
foods were used for the test demonstrations whenever available. 
When commercially processed foods were not available, cor 
responding fresh foods were processed in the laboratory under 
simulated commercial conditions. 

Dehydrated foods were rehydrated with water. In some cases, 
aun extract containing precursor but with no flavor enzymes 
and almost no flavor, was prepared from the fresh food. This 
extract was added to the water of rehydration. After standing 
at room temperature for «a few minutes, the samples were 
divided into two portions, and an appropriate flavor enzyme 
preparation, prepared us outlined previously (3), was added to 
one. The other portion was retained as a control. Both por 
tions were then allowed to stand with oceasional stirring until 
tested. 

Canned goods were divided into two portions. A suitable 
flavor enzyme preparation was added to one portion; the other 
one was left untreated as a control. Both portions were then 
allowed to stand for a minimum of 15 minutes before testing. 

When the food was cooked, baked, or chilled before testing, 
care Was taken to handle the enzyme-treated sample and the 
control in exactly the same manner and to follow the directions 
given on the labels of the commercially packaged goods. 

In addition to the solid or liquid processed foods, liquid 
flavor precursor solutions were prepared for evaluation. They 
were generally made odorless by removing the volatile aroma 
constituents, These flavor preeursor solutions were also pre 
sented in pairs. One sample was treated with an appropriate 
flavor enzyme a few minutes before testing; the other was the 
untreated eontrol. These flavor precursor solutions were used 
mainly to demonstrate the regeneration of odor by flavor 
enzymes, 

The following materials were presented among others at the 
flavor demonstrations: dehydrated eabbage, dehydrated ear 
rots, canned onions, dehydrated watereress, dehydrated horse 
radish, canned tomato juice, canned peas and carrots, frozen, 
canned, and powdered orange juice; frozen, bottled, and pow 
dered lemon juice; and eabbage, exrrot, orange, watercress, 
onion, and tomato precursor solutions, 
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t 
NATURAL POWDERED CITRUS JUICES 
| _ dered citrus juices are tree flowing, contain more juice solids, are tower in cost, 
| 


What can you learn from 
a Quaker cereal sample? 


You'll see a finished product of the highest qual- 
ity in any one of the standard cereal products 
listed below, or from products tailored to your 
own specific requirements. But this is only half 
of the story, because doing business with Quaker 
offers many other hidden advantages: 


1. The quality in a Quaker cereal sample is not 
just for ‘sampling’ purposes. It represents 
standard mill run, and Quaker’s outstanding 
quality control means that sack after sack, or 
carload after carload, you can always depend 
on the same conformity to specified standards. 


2. Quaker can sample you in all varieties of 
grains— because Quaker mills all types. And for 
this same reason Quaker is in an exceptionally 


tai 


QUAKER 


FARINA 


@ Pre-Mixing Services 
AVAILABLE (to your specs) MEALS 


@ Rice Products 


FLOURS 


good position to give you helpful and unbiased 
advice on the types and grades of milled prod- 
ucts for your particular needs. 


3. Quaker’s milling is backed by the finest 
technical research in the newest and most mod- 
ern laboratory in the milling industry. Here 
Quaker customers can benefit from the appli- 
cation of the latest techniques to their own 
specific problems. 


Whatever your processing problem, it will pay 
you to get better acquainted with Quaker prod- 
ucts. For samples of cereals in which you are 
interested, write or phone The Quaker Oats 
Company, Industrial Sales Department, Mer- 
chandise Mart, Chicago 54, Illinois. 


Quaker Standard Dry Milled items 


Oat Products 
OATMEALS 


@ Wheat Products 
INDUSTRIAL FLOURS 


Barley Products 
PEARLED BARLEY. .7 sieve sizes 


BARLEY FLOURS (including one 
in which the enzymes have been 
inactivated) 


@ Corn Products 
(all electrostatically cleaned—then 
water washed before milling) 
White & Yellow 
White & Yellow 
White & Yellow 


6 sieve sizes 
11 flake sizes 
8 types 


GRITS 


| ROLLED OATS.... | 
OAT FLOURS.... 
| 
| 
| 

| 
| 
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TEST CONDITIONS 


The food materials to be evaluated were arranged in a row 
on a long table in an air-conditioned, odor-free test room, 
reserved for flavor testing. The samples were properly labelled. 
Judges were requested to test the products with mild flavors 
first, to avoid rapid onset of fatigue. Ice water and bland 
crackers were provided to regenerate the sensitivity of the 
palate. 

Solid test foods were placed in covered dishes, and the 
judges were provided with enough clean spoons and one-ounee 
glasses so that they had an unused one available for each 
sample. 

Liquid test foods were presented in individual small brandy 
snifters. Enough snifters were provided so that each judge 
had a fresh set for tasting. 

Liquid flavor precursors, the odors of which were mainly to 
be evaluated, were also presented in brandy snifters from which 
aliquots could be removed for tasting if the judge desired. A 
typical demonstration is pictured in Figure 1. 

Individual booths were available to the judges so that they 
could make their observations without being distracted and 
without influencing or being influenced by the other judges. 


TESTING PROCEDURES 


Testing procedures were adapted from the techniques usu 
ally used for sensory panel testing, but differed in presenta 
tion. Previous results (7, 2) had already shown that a trained 
sensory panel could distinguish enzyme-treated samples from 
untreated controls. The purpose of the present demonstration 
tests was to determine the reaction of a heterogeneous, un 
screened group to the effect of flavor enzymes. 

The judges, who were representatives of many branches of 
the food industry, participated in the flavor demonstrations in 
small groups. They were given a short introductory talk to 
explain the flavor enzyme concept and the testing procedures. 
Their instructions were to spoon us much as desired of each 
enzyme-treated test sample and of the corresponding control 
into clean one-ounee glasses, using clean spoons and to compare 
the odor and taste of each pair. 

In some of the demonstration tests, the enzyme-treated and 
the control samples were identified; in others, testing was 
earried out blind. With the horseradish and onions, it was 
necessary to identify the enzyme-treated samples because of 


their high flavor level. Generally, their flavor was so strong, 
that, if evaluated first, they would have dulled the sense of 
olfaction to a point which would have made subsequent com 
parisons impossible. 

As the results of the blind tests and of previous tests with 
coded samples were the same as those carried out with labelled 
samples, the influence of sample bias appears to have been 
negligible. Most of the people who participated in the demon 
strations were representatives from outside industry rather 
than an internal panel, which should reduce the chances of bias. 

The judges were given seore sheets (shown in Figure 2) 
and told to determine first whether they could find a difference 
in flavor between the treated and the untreated (control) 
samples and to check the appropriate column. They were then 
asked to re-examine each pair of test foods to determine which 
they preferred and to indicate their preference by marking 


Figure 2. Typical score sheet. 


Control Enzyme 


F uc 
ood product no enzyme treated 


Comments 


Dehydrated cabbage 
Canned onions 
Dehydrated carrots 
Canned tomato juice 
Dehydrated watercress 
Frozen orange juice 


Cabbage flavor 
precursor concentrate 


Onion flavor 
precursor concentrate 


Carrot flavor 
precursor concentrate 


no difference 
slight difference 
jistinct preference 
strong preference 


very strong preference 


Figure 1. Flavor enzyme demonstration. 
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their score sheets as follows: + = slight preference, ++ = dis 
tinet preference, +++ strong preference, and ++++ = very 
strong preference. 

No attempt was made to force the participants to evaluate 
all the samples presented if they preferred not to, but they 


were urged to do so. 


RESULTS AND DISCUSSION 


The completed score sheets were collected and tab- 
ulated. Table 1 summarizes the results for each of the 
different foods and flavor precursor solutions pre- 
sented. The data indicate that adding flavor enzymes 
had a significant effect on the flavors of the test foods, 
but that the effect of the flavor enzymes differed mark- 
edly, depending on the test materials. Since the supply 
of test materials was dependent on the amount of 
work carried out on a particular fruit or vegetable, 
the number of total judgments for the test products 
varied rather widely. 

Results summarized in Table 1 were converted to 
the percentages given in Table 2. The data indicate 
that a difference was found for each test product. 
Percentage-wise, the difference judgments ranged 
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from 87.5% for canned peas and carrots to 95% and 
above for the other fruits and vegetables. The prefer- 
ence ratings were more scattered, as Table 2 shows, 
but the majority of responses indicated a preference 
for the flavor of the enzyme-treated samples. The 
individual preference ratings for the enzyme-treated 
samples ranged from 28.6% for peas and carrots, to 
93.30 for dehydrated horseradish, but only two test 
products scored less than 65%. Preference for the 
control samples ranged from 3.0% for dehydrated 
horseradish to 42.8% for canned peas and carrots. 
Table 3 summarizes the over-all total of responses 
obtained. Of the total of 648 responses, 639 indicated 
a difference between the enzyme-treated sample and 
the untreated control. In other words, a difference 
was found in 98.6% of all cases, or in just about every 
case. The table also shows that the majority of re- 
sponses (508 or 79.5% ) indicated a preference for 
the flavor of the enzyme-treated samples with the 
ratings varying, as shown in Table 2, from 28.6% to 
93.9%. Although it is debatable whether the data on 
all the te.t foods can be pooled because the average 


TABLE 1 
Demonstration scores for processed foods and flavor precursor solutions 


Difference 


Preference 


Enzyme-treated sample 


Test product 
Control None 
Yes No +4 4 

Dehydrated cabbage 29 29 0 , 12 9 ; 1 1 
Dehydrated carrots 50 56 3 1 21 1 0 10 
Canned onions 6 67 1 5 16 30 9 1 6 
Dehydrated watercress 71 71 ” ‘ 13 34 13 4 ; 
Dehydrated horseradish 66 66 0 2 23 12 23 2 
Canned tomato juice 17 17 0 2 5 6 ; 0 1 
Canned peas and carrots 4 7 1 ; 1 0 1 2 
Citrus juice powder 28 27 1 ” 8 6 3 1 0 
Frozen citrus juice? 2a 27 1 5 7 2 3 0 0 
Canned citrus juice 28 27 1 8 7 11 1 0 0 
Cabbage precursor 22 22 i) 6 3 5 1 1 
Carrot precursor 62 61 1 ’‘ 20 10 5 1 16 
Watercress precursor 66 66 0 9 32 ; 
Onion precursor 62 62 i) 2 14 20 16 5 5 
Tomato precursor 15 15 0 : ; 6 0 2 1 
Orange precursor * 19 19 0 1 4 0 0 

' Total judgments 

* Includes lemon and orange 

* From frozen, canned, and powder 

TABLE 2 
Percentage difference and preference scores 
Difference (%) Preference (%) 
Test product 
Yes No Control None 

Dehydrated cabbage 29 100 0 10.4 26.2 3.4 
Dehydrated carrots 59 94.9 5.1 7.1 75.0 17.9 
Canned onions 6A 1.5 7.5 83.6 8.9 
Dehydrated watercress 71 100 0 5.6 90.1 4.3 
Dehydrated horseradish 66 100 0 3.0 93.9 3.1 
Canned tomato juice 17 100 i) 11.7 82.3 6.0 
Canned peas and carrots 4 7.5 12.5 42.8 28.6 28.6 
Citrus juice powder? 28 96.4 3.6 33.3 66.7 0 
Frozen citrus juice? 28 96.4 3.6 18.5 R15 0 
Canned citrus juice* 96.4 3.6 29.6 70.4 
Cabbage precursor 22 100 i) 13.5 68.2 18.3 
Carrot precursor. 62 98.4 1.6 14.8 59.0 26.2 
Watercress precursor 66 100 0 13.6 78.8 7.6 
Onion precursor 62 100 0 3.2 RR.7 8.1 
Tomato precursor 15 100 0 20.0 73.3 6.7 
Orange precursor * 19 100 0 21.1 78.9 0 

1 Total judgments 

2 Includes lemon and orange 

* From frozen, canned, and powder 
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TABLE 3 
Summary of demonstration scores 


Judgments Total! Per cent 


Yes 98.6 


Difference No 14 


Control 


Enzyme 
Preference treated 


sample 
‘Out of a possible 648 


percentage figures computed give much more weight 
to the test products with large N’s and high prefer- 
ence for the enzyme-treated sample, the distribution 
of the preference ratings for the enzyme-treated prod- 
ucts can be caleulated. A slight preference was shown 
in 24.1% of judgments, a distinct preference in 35.1%, 
a strong preference in 13.6%, and a very strong pret- 
erence in 6.7% of the judgments. 

From the data, it can be concluded that adding 
flavor enzymes to processed foods and to flavor pre- 
cursor solutions influences the flavor strongly. The 


preference ratings show, in addition, a decisive pref 


erence for the enzyme-treated samples over the un- 
treated controls. This fact appears to be particularly 
interesting, because flavor enzymes generally were 
found to restore the flavor of the fresh food, to which 
the consumer is not accustomed in the case of several 
of the test foods used. 

The results shown present additional evidence in 
support of the flavor enzyme concept. A definite im- 
provement in flavor of a variety of processed foods 
was shown by treatment with flavor enzymes. 
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Fish Flour and Fish Meal by Azeotropic 


Solvent Processing 


(Manu. cript received June 3, 1958) 


Fon MANY YEARS, it has been re- 
peatedly emphasized that the fish of the sea are a 
great source of new wealth. Fish meal and fish oil 
represent animal feed, human food, and various 
chemical derivatives of industrial significance (18). 
International organizations FAO, UNICEF, and 
WHO--have reminded us that more than half the 
world’s population is suffering from a severe lack of 
animal protein. Low cost animal protein from the fish 
of the sea would appear to be the best hope for 
remedying this unfortunate situation (4). 

Any nation with a shoreline, men, and ships ean 
harvest the fish of the sea. This opportunity could 
become a powerful impetus for upgrading the eco- 
nomie and political destiny of the ‘‘have-not’’ na- 
tions. If translated into an objective, it could have 
far-reaching consequences in regard to our country’s 
future—and the peace of the world. These are high 
stakes. What is delaying this great objective? 


We need a method to produce standardized, uni- 
form, stable products from fish with the same chemi- 
cal and biological values as the fish from which these 
products are derived. We need fish products of low 
cost to be shipped, stored, and handled in the avenues 


of commerce in the same way that wheat, corn, rice, 
sugar and salt are handled. We need a_ predictable 
product, the same quality today as it was a year ago 
when it was made. The sea potential on the basis of 
its so-called edible catch is not adequate. The edible 
catch is distributed in the form of fresh, frozen, 
smoked, dried, salted and canned fish, and, though the 
total production seems huge, the world’s population 
is increasing faster than edible fish is being made 
available. A substantial increase in edible fishery 
products is required. To attain the objective, all fish 
must be utilized—any species—as long as stable, uni- 
form, standardized products can be obtained. Among 
such products would be a defatted whole fish meal, 
and a stabilized fish oil. 


CRITERIA OF QUALITY 


Fish meals vary from being growth accelerators to actual 
growth depressants (/7), depending on how the fish meal is 
made and its age (72, 74). Fish meal is now made from fish 
that are cooked in steam retorts, pressed, and dried. The press 
water is eentrifuged and the oil removed (78). The de-oiled 
press water may be discarded or it may be evaporated into a 
thick syrup ealled fish solubles. 

A purehaser of fish meal is likely to be confronted by a 
number of questions. Is this meal the whole fish? Is it pressed 
fish without the press water? Is the press water evaporated to 
make fish solubles and then added back to the pressed fish? Is 
the fish meal fresh, or is it 6 months old? Has the oil it con- 
tains beeome oxidized and raneid? (8). Has the meal been 
heated to the point where the protein has been damaged? (17, 


* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, Illinois, May 28, 1958. 


Ezra Levin* 
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12). Has the meal been heated to such a high temperature that 
the oil has become polymerized and toxie? (3). Will the fish 
meal produce the same results 6 months after it is mixed as 
when it was first made? 

The variability of the biological value of the protein of fish 
meals is shown in Table 1. The values vary from poor to exeel- 
lent (6). Yet, even the good pressed meals have two limita- 


TABLE 1 
Protein biological value of various fish meals’ 
Egg White Index 100 


= % 
Index No 


€ 
Protein Protein 


N 
( 

D 
B 
0 

(VioBin) 


61 
60, 
61.4 
66 
62 
64. 
64. 


: 


' Chick bioassay (1958) by S. W. Hinners (6) 


tions. First, pressed meals of high biologieal value may not 
contain the quantity of growth factors that are found in whole 
fish. If the fish solubles have not been added back to the 
pressed meal, the meal may have a high biologieal value for 
the protein, but it would contain only part of the growth fae 
tors (13). Seeond, the growth depressant effect may not be re 
vealed in a freshly made sample—only in the same sample after 
rancidity and oxidation of the oil developed in storage (3, 8, 
12). Sample ‘*O*’, VioBin fish meal, shows a high biologics! 
value for protein. The table does not show its superiority in 
growth factors and stability. 

Table 2 gives data on the growth factors as distributed in 
various parts of fish. It is clear that the purchaser of conven- 
tional fish meal, without the solubles, is only getting approxi 
mately one-half the response of the unidentified growth factors 
that are found in whole fish meal. 

Data in Table 3 refleet the growth beyond that obtained 
with adequate purified diets. VioBin whole fish meals are 
shown to give twice the growth response recorded for good 
quality pressed meals (73, 14, 15). 

The unidentified growth factors are more resistant to de 
struction than the biologically available protein (2, 13). 
Therefore, a measurement of high biological value of protein 
assures the biological value of the growth factors. But it must 
be emphasized that no matter how good the biological value of 
the protein, the pressed meal contains only part of the growth 
factors of the whole fish. The fish solubles contain the other 
part. 


TABLE 2 
Unidentified growth factors in various parts of fish 


Gain (g.) % Increase 
Complete basal diet (B) 

B+ 5% whole fish 

B 4 whole muscle... 

B fish solubles 

B + 5% muscle less solubles 
B + 5% fish viscera 

B 

B 


* 
* 


* 


* Statistically significant at 5% level 


Statistically significant at 1% level. 


o 
‘ 
H 74.1 0.0 88 
i 66.0 10.3 91 
58.4 17.7 97 
66.7 10.7 98 
M 58.5 17.0 a9 
tags J 65.0 91 104 
A 773 108 

I 
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TABLE 3 
Unidentified fish growth factors in VioBin Meal’ 


Avg. weight % Increase 


2 days over basal 


(iroup ration 
Experiment 1 
1. Basal.... 
2. Basal plus 10% fish meal... 
Experiment 2 
1. Basal....... 
2. Basal plus 10% fish mea! 
Experiment 3 
1. Basal 
2. Basal plus 10% fish meal... 
Experiment 4 
1. Ba 
2. Basal plus 10% fish meal......... 
(Exp. 4, Dr. Seott, private com 
munication ) 


Avg. of triplicate groups of 10 chicks each 


Avg. of quadruplicate groups of 10 chicks each 
From Ritchey, Scott, Johnson, Proc. Soc. Expt. Biol. & Med 


1956 


NEW APPROACH TO MANUFACTURING 
FISH MEAL 


Our objectives can now be defined. To produce a stand 
urdized, stable fish meal equal to the fish from which it is 
derived, we believe it must be made as follows: (1) The 
product must be made from the whole fish allowing no division 
of products into fish meal and fish solubles. (2) Fish must be 
defatted and dried at temperatures that will not damage the 
product. (3) Fish meal must be standardized on the basis of 
biological value. Assaying for amino acids alone is not ade 
quate. The measurement must be an animal assay, accepted by 
nutritionists as a measurement of protein quality. A_ biologi 
eal measurement of the unidentified growth factors should also 
be obtained. 

The whole fish meal must be stable. Defatting fish stabilizes 
the meal. The oil is stabilized by adding B.H.T. during solvent 


Sowvent vapor 


AND FISH MEAL 


extraction so that the oil produced is stabilized and the small 
amount of residual oil in the meal is also stabilized. 


The New Bedford Plant. There is now being manufactured 
at New Bedford, Massachusetts, a standardized, uniform, stable 
whole fish meal, equal to the fish from which it is derived, in 
biological value of protein, in unidentified growth factors, at a 
competitive price with conventional fish meals. The fish meal is 
biologieally assayed and is standardized to have values 20% 
higher than isolated soy bean protein, using standardized 
chick methods of measurement (7, 72). 

Figure 1 is a flow sheet of the New Bedford plant. The 
general principles of this process were deseribed previously 
(10), Actual operating experience shows that the steam con 
sumption and solvent loss are lower than given in that 


reference, 
ADVANTAGES OF THE PROCESS 


Some of the advantages of the process are noted. 
The process is self contained—no odors, no nuisance, 
It can be set up in coastal areas where fish meal plants 
are now barred. Defatted fish meal when fed will not 
impart fishy flavors to eggs, meat, and milk. W. L. 
Leoschke, in 1957-1958 experiments with mink, has 
shown that 354 frozen fish can be replaced by its 
equivalent in VioBin fish meal (9). Defatted whole 
fish will make possible dry dog and cat foods just as 
nutritious as fresh fish or meat. Preliminary experi- 
ments with feeding fingerlings show that defatted 
whole fish meal may be the ideal food for which fish 
hatcheries have been searching. 

Nutrition. !t is of great interest that this process 
makes fish flour for human use an immediate reality. 
Animal experiments revealing the nutritional signifi- 
cance of VioBin fish flour are exhaustively treated by 
Sure (16, 17). When various cereals are supplemented 
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Figure 1. Flow sheet of the New Bedford plant operation. 
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TABLE 4 


Amount 


in ration Protein 


Type of ration 
a 


« 


Whole wheat flour 64.0 


Whole wheat flour 
Defatted fish flour 


30 


Whole wheat flour 
Defatted fish flour 


Effect of addition of defatted 


Milled wheat flour 4.0 


Milled wheat flour 
Defatted fish flour 


Milled wheat flour 10.05 


Defatted fish flour 


' Experimental period 10 weeks, 12 rats in each group 
* Expressed as gains in body weight per gram of protein intake 


409 )1957) 

with small amounts of fish flour (147) remarkable 
increases in growth result (Table 4). The student of 
nutrition will agree that it is not likely that 1% of a 
protein substance, no matter how well balanced the 
amino acids, could account for such growth. These 
studies give us a hint that the unidentified growth 
factors which animal nutritionists have found to be 
of value for poultry and swine could well have an 
important effeet on humans. 

In Mexico, Federico Gomez of the Hospital Infantil, 
Mexico City (5) and his associates have studied Vio- 
Bin fish flour for 2 years, using rigid methods of 
measurement such as nitrogen balance studies on 
children— comparing a corn-bean diet plus 10% fish 
flour with the same diet plus the nitrogen equivalent 
in the non-essential amino acid glycine. The influence 
of VioBin fish flour on rate of growth for many 
children charted. The results reveal significant 
values for fish flour supplementation in overcoming 
the limitation of corn-bean diets. 

Deodorization, Fish flour may be classified with 
respect to the odor factor (1) fishy odor and 
flavor; (2) partially deodorized; (3) completely de- 
odorized. Various methods for deodorization are 
used. They usually involve solvents to remove traces 
of fish oil, and the amines in the fish solids. In South 
African pilot plant experimentation this is aeeom- 
plished by a series of washes of the dry pressed fish 
meal with ethyl alcohol and ethyl acetate. We are 
exploring much simpler methods. In many instances, 
complete deodorization is not necessary. Our aim is 
(1) to prevent reversion of fishy flavor, (2) to de- 
odorize to the point that 10° of the flour will not be 
added to any food. Complete de- 


Is 


as: 


detectable when 


| Total food 


Protein 
intake i 


intake 
Increase 


666.2 


g 
53.5 


74i9 64 


900.6 


fish flour to enriched wheat flour’ 


413.7 


adapted from Barnett Sure, J. Nutrition, 61, 547 (1957); J. Nutrition, 63 


odorization adds to the cost and removes some of the 
vitamin values of the fish. 

Some economic factors. While fish meal, 75‘ 
tein, sells for 844 cents a pound, fish flour, due to 
more complete solvent extraction and special care 
dealing with a human food product, would have a 
price of approximately 12 cents a pound on a con- 
tractual basis for large quantities. This means 2). 
cents a pound for its fresh fish equivalent. Ninety 
children each getting 5 g. a day could be protected 
against kwashiorkor, the protein deficiency disease, 
with one pound of fish flour (12 cents). The fish flour 
would have the fish odor and taste. Further treat- 
ment for partial deodorization complete  de- 
odorization would add to the But on the 
basis of American costs, an average price of 15 cents 
per pound for fish flour is realistic. Obviously, in 
countries where raw fish, labor, fuel and machinery 
are less costly, the selling price of fish flour would be 
even less than 15 cents a pound. Some interesting 
comparisons with other high protein products are to 
be found in Table 5. 

Considerable work has been done on food mixtures 
by Werner Jaffe in Venezuela and Federico Gomez in 
Mexico (5). VioBin fish flour, partially deodorized, 
when added to soups, cereal foods, bread, biscuits, tor- 
tillas, cannot be detected by the consumer. 

Lysine source. Fish is an excellent source of Lysine. 
Lysine in the form of deodorized fish flour would cost 
a fraction of the cost of synthetic lysine, with all 
the other amino acids and unidentified growth factors 
“at no extra cost.’’ 

Potential as a ship-factory operation. The vreatest 
potential of this or any other solvent extraction 


pro 


cost. 


TABLE 5 
Some comparisons of interest in an economic appraisal of fish flour 


Fresh egg Dried egg 
Stability (without refrigeration) 

Availability 

Consumer acceptance 

Quantity of protein per unit cost 


VioBin 
fish flour 


Dried and 


Dried milk 


Meat Fresh milk Fresh fish 
10 
10 


10 


1 
10 
1 


| 
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as, Effect of addition of defatted fish flour to whole wheat flour 

se Gains in bod nt 

tains in body weig 

Actual 

63.0 4.66 104.6 60.4 - 1.63 

10 

9.96 142.7 118.8 89.7 1.59 

| 

ye 

79.7 5.69 53.9 130.3 554.9 45.1 1.12 

124.0 459.1 755.2 75.4 1.65 

% 
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FISH FLOUR AND 


process for fish is the setting up of such plants on ship. 
Preliminary study indicates that this is a practical 
approach to a profitable fishing operation, that would 
have facilities for freezing edible fish, and solvent ex- 
traction of scrap and inedible fish on the same vessel. 


A PIONEERING VENTURE 


The New Bedford plant, using VioBin processes, is 
the first fish meal plant of its kind. It opens the door 
to harvesting the wealth from the sea. Modern chemi- 
cal engineering, biochemical techniques have been 
utilized to make a stable, standardized, uniform fish 
product from almost any species of fish, a product 
low enough in cost to permit its exploration indus- 
trially as well as for food and feed. 
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Time-Temperature Tolerance of Frozen Foods. XVI. 


Quality Retention of Frozen Green Snap Beans in Retail Packages 


Manuscript received July 17, 1958 


| \DVISERS suggested that 
green snap beans should be included at an early stage 
in the investigations on time-temperature tolerance of 
frozen foods, because green beans are among the least 
stable of the popular frozen vegetables under com- 
mercial conditions of handling. The objectives and 
general procedures of the investigation of quality 
retention in frozen foods were discussed in detail by 
Van Arsdel (6) in the first paper of this series. 

In the work reported here, controlled experiments 
were carried out with commercially packed frozen 
heans over a —30 to 40° F. temperature range. Sam- 
ple lots were selected to cover differences in variety, 
growing area, harvest year, and processing condi- 
tions. Variations in blanching conditions were en- 
countered, which affected rate of deterioration. A 
general deseription of quality loss of frozen green 
beans is given, quantitative aspects of deterioration 
are discussed, and a quality index based on chloro- 
phyll measurement is proposed. Blanching conditions 
are suggested which will minimize the rate of de- 
terioration in storage. 


EXPERIMENTAL PROCEDURES 


Materials. Observati ns were made of raw material ban 
dling and processing at the plant in order to obtain eommer 
cial produets of desired quality and known history. Lots 
ranging from & to 110 dozen retail-sized packages (generally 
10 oz.) were taken consecutively from produetion lines to 
minimize variability among packages. Shipments were made 
by rail express under dry ice refrigeration in frozen food 
shippers and were re-ieed enroute on trans-continental trips. 
Nearby procurements were similarly packed with dry iee and 
transported by motor vehicle. On receipt at the laboratory, 
lots were held at —20 or ~—30° F. until transferred to controlled 
elevated storage temperature conditions. 

Nineteen lots of green beans were obtained from 12 dif 
ferent packers during 5 harvest years (1952 through 1956) 
from 6 important producing areas (Western Oregon, Western 
Washington, Central and Southern California, Tennessee, and 
the Eastern Seaboard). Varieties tested were Blue Lake (a 
pole type), Top Crop, Tendergreen, and Tenderlong (bush 
types). Thirteen of the lots were one-inch cut; 3 were one 
and-a-half-ineh cut, and 3 were Freneh eut. 

On reeeipt all lots were analyzed for peroxidase activity, 
reduced aseorbie acid eontent, and percentage conversion of 
chlorophyll to pheophytin (Cy). After the first year, refleet 
anee color data were also obtained by the Hunter Color and 
Color Difference Meter (HCM). 

Considerable variability existed among lots. The degree of 
uniformity within lots also varied. The effeet of the latter 
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Marvel-Dare Nutting, 

R. L. Olson, F. E. Lindquist, 
Mildred M. Boggs, G. S. Bohart, 
H. J. Neumann, and H. J. Morris 


Western Regional Research Labora 
tory," Albany, California 


factor was minimized by averaging the results of 4 to 6 repli 
cations jn the later phases of the investigation. 

One small lot of 16 dozen packages (Lot 9) showed peroxi 
dase activity. This test indicated that beans in different pack 
ages were slightly under-, borderline-, or over-blaneched with 
respeet to enzyme inaetivation. Serious non-uniformity of 
texture from package to package was noted. Packages of 
undesirably tough beans had residual peroxidase activity; in 
these instances, an undesirable tough texture appeared to be 
related to under-blanching. Storage characteristics of this lot 
fell within the range of other lots observed and therefore it 
was included in the study. 

In the 19 lots of beans as received, redueed aseorbie acid, 
percentage chlorophyll retention, and measurement ‘‘a’’, by 
HOM, varied over a wide range as seen in Table 1. An apparent 
correlation was observed between amount of chlorophyll re 
tained and conditions of blanehing (also summarized in Table 
1). Other studies in this laboratory on experimental packs 
have confirmed this correlation. Results are deseribed else 
where by Dietrich ef al. (2), who concluded that relatively 
low-temperature and long-duration blanching of green beans 
results in greater chlorophyll loss than high-temperature, short 
‘luration blanching when the beans are blanched to about the 
sume degree of peroxidase inactivation.” 

Differences observed in reduced aseorbie acid content proba 
bly refleet the result of normal variations in the vegetable as 
grown. These differences appear to be greater than ean be 
attributed to processing and handling prior to procurement. 
HCM ‘‘a’’ 


r 0.79 


values are correlated with chlorophyll values 


Experimental procedures. 
mined by the method of Masure and Campbell (4). Redueed 


Peroxidase activity was deter 


aseorbie acid, chlorophyll conversion to pheophytin, and re 
flectance measurement of color were determined by procedures 
deseribed by Dietrieh ef al. (7). Analyses for aseorbie aeid 
and chlorophyll were generally made on separate halves of the 
same package. Material was held at —20 or —30° F. after 
storage at higher temperatures until analyzed or appraised. 

Chlorophyll conversion to pheophytin is reported as per 
centage chlorophyll retention. This is ealeulated by subtract 
ing the total conversion percentage from 100. In all instanees 
the total ineludes both the losses due to processing, reflected in 
(|, and those due to storage deterioration. 

Subjective evaluations were made by panels consisting of 
I) selected and trained judges whose performances were 
cheeked for uniformity of sensitivity and reliability through 
out the investigation. They appraised color of thawed un 
cooked green beans and flavor of the cooked vegetable. Forty 
judgments were made for flavor and 10 to 20 for color. 
Texture evaluations were run for one year and then diseon 
tinued (exeept for Lot 9) because important textural changes 


"Tn some commercial operations, blanehing at relatively low 
temperatures (185 to 190° F.) was observed. Some processors 
believe that such blanching conditions minimize the tendeney 
of product to slough its outer skin after freezing and stabilize 
the texture throughout subsequent processing and storage. 
However, beans can be blanehed above 200° F. without skin 
sloughing if the blanching time is held to the minimum neces 
sary for inactivation of peroxidase (2). 
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TIME-TEMPERATURE TOLERANCE OF 


TABLE 1 
Identification and description of lots 


Blanching eonditions 
Lot no Harvest Variety? ‘ 
year Temp Media? Time 


scorbic HOM “a” 
acid value 


1004 units) 


1952 T ES 212 Ss 2% 81.2 6.2 15.7 
2 1952 BL 212 W 13.1 16.5 
1953 TX ES 212 80.0 14.4 
4 1953 BL W 15.2 16.2 
5 1954 TG len 205 W 2 85.9 | 15.2 
t 1954 BL So 73.38 6.5 
7 1955 TL Ten 205 W 2 x6 10.8 14.5 


1955 12 
10 1956 ES 14.2 
11 1956 BL W 2002 W i 75.2 1 12.6 
12 1956 BL 0 207 W l 1.4 t 13.8 
13 1956 BL. 200-204 Ss 1! i4 15.6 
14 1956 BL. ( 200-204 13 89.2 15 
15 1956 BL ( 197—207 4 77.8 13.3 
16 1956 BL ~ 140 

{ 


1956 


1956 


OO 


TC is Top Crop: BL is Blue Lake; TG is Tendergreen; and TL is Tenderlong 
ES is Eastern Seaboard: O is Western Oregon; Ten is Tennessee So is Southe n Califor ‘ \\ W ' Washingtor ind © is Central 


California 
S represents steam blanching and W represents water blanching 


‘ Initial level of percentage chlorophyll retention 


French cut 


ace udverse conditions ean be deseribed as a preliminary change 


were found not to be related to storage conditions for 


from bright natural green to greyish green and later to an 


quately blanched beans. 
olive green, In the extreme, beans change to a brownish green. 


Appraisals were made by ranking a series of samples from 
time intervals Color changes could be detected early in beans stored under 


the sume lot, which had been stored for several 


poor conditions. However, the detection of off flavor required 


under a given temperature condition. Control samples held 


continuously at 20 o1 30° F. represented zero time. Three longer periods 

stored samples and the control were used in each replieation Examples of average ranks for color and flavor of samples 

for flavor and up to 6 samples for color. of Lots 3 to 16 stored for different intervals at 20° F. are 
Rank data from euch storage temperature series wer listed in Table 2. They indicate that with the times seleeted 

treated in two ways. First, in order to aseertain the shortest the panel consistently detected difference in color between 

storage time that resulted in a detectable amount of deteriora sumples (average ranks increase with length of storage) but 

tion, data representing samples of each storage time were com distinguished flavor differences only after greater intervals 


pared with the control and a percentage concurrence of dif 


ference judgments were caleulated, Examples of paired sam 


ples for difference judgment would be control (—20 Fo) and TABLE 2 


au 7-day sample held at 25° F.; control and a 14-day sample; Average color and flavor ranks for beans stored at 20° F 
control and a 2l-day sample, ete. Then the shortest time that 


resulted ino a 750 or greater concurrence of judgment was lime in days 
considered to be the time of first detectable deterioration me 14 42 
Second, in order to correlate subjective evaluation data with 
the amount of difference in objectively measured criteria, per ‘ 
centage concurrence of judgments of paired samples of adjoin 19 $1 46 
ing storage periods were used. For example, a control 49 70 
would be compared with a 7-day sample; a 7- day with a 14 ‘ 6 66.0 70 
day; a 14-day with a 21-day, ete. 

Further subjeetive evaluations of color deterioration were 46 62 
obtained by arranging for grading sessions with representa 
tives of industry, seleeted because of their professional con + 
cern with quality standards of frozen foods in) commercia 1 19 60 
narkets—quality control men, buyers, ete. Opinions were 14 6.0 
based on appearance of thawed beans, each sample being 
scored in one of three categories: 1, acceptable and high qual cic 
acceptable but not high quality; and 3, sufficiently poor 
to cause consumer complaint. For these panels, 4 to 6 sam 49 
ples from a given lot held for different storage times at a i } 
specific temperature were judged as a series in) comparison 
with each other and a 20 or 30° control, 

Lots 1 to 6 were stored at intervals in the range 10 to , - ‘ 
40° F. and also under several conditions of eyelic temperature l 7 9* 
fluctuations. Lots 7 and S were exposed to temperatures of 
simulated market distribution. Lots 7 to 16 were used to verify , ' + , 
results of previous lots. Three lots of French-eut beans, 17 to 14 =.5 j 
19, were compared with regular euts at 0 and 20° P. 16 i 2 ‘ 


RESULTS 
Asterisk ind te first significar difference 75% or greater con 


terioration of frozen green beans caused by holding unde imple 
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The rate of deterioration cannot be precisely determined 
from such data. However, these and many other data of this 
type do indicate that the color began to change in the earliest 
intervals and continued to deteriorate at an observable rate 
throughout each test. Flavor change was not great but was 
usually detectable by the end of each study, which was gen- 
erally continued to a point where color was believed to be 
unacceptable. 

A general relationship of rate of deterioration ean be ex- 
pressed as the number of days at a particular temperature 
where 75% of the panel concurred that there was a difference 
between the control and the stored sample. Average periods 
that resulted in a detectable difference from control samples 
for Lots 3, 4, 5, and 6, stored at five temperatures, are shown 
in Table 3. These averages were obtained by caleulating a 
regression of days to a detectable difference (expressed as a 
logarithm) on storage temperature. 


TABLE 3 
Influence of temperature on flavor and color deterioration 


Number of days to a first detectable difference' 


Storage temp. °F Flavor 


1 Regression of log days to a first detectable difference on storage 


temperature for Lots 5, 4, 5 and 6. 


Data for 30° F. were not used in this regression ealculation 
because a consistent departure of the objective measurements 
of deterioration at this temperature indicated that the rela- 
tionship did not continue much beyond 25° F. 

Slopes of the flavor and color regression lines were —.0497 
and —.0551, respectively, (log days per degree F.), with 
standard errors of estimate of .2037 and .2117. The seatter of 
individual points indicated by the standard errors of estimate 
is such as would oeceur with a variation of about +4° F. of 
storage temperature. 

This error has two major sources in addition to the vari- 
ability of judges’ decisions: 1) the variability between lots of 
beans in this study is large and storage deterioration rates 
were not the same for different lots, and 2) a variability exists 
that is related to the experimental design which did not pro- 
vide sufficient time intervals to define more precisely the point 
of 75% concurrence of judgments. 

Data in Table 3 show that flavor and color deterioration 
rates are exponential—inereasing about two-fold with each 
5° F. inerease in temperature in the range of 0 to 25° F. In 
general, a flavor difference from a control sample could be 
detected in a sample stored about 10 months at 0° F., and in 
about 17 days at 25° F. A color change could be detected in 
a third to a quarter of the time required for flavor change. 

For 10 other lots (7 to 16) stored at 20° F., the average 
number of days to the first detectable flavor and color dif- 
ference was 27 and 6, respectively. These values are in satis- 
factory agreement with the 30- and 8-day regression values 
given in Table 3. 

Objective measurements of quality difference provided a 
more precise description of deterioration of stored frozen green 
beans. When objective data from these same 4 lots were statis- 
tieally treated in a way similar to that deseribed above for the 
eolor and flavor deterioration, an effeet equivalent to a vari- 
ation of +2° F. was found by ealeulating the standard error 
of estimate for measured rate of change with storage tem- 
perature of pereentage chlorophyll retention, reduced ascorbic 
acid, and HCM ‘‘a’’ value. Even greater precision was ob- 
tained for individual lots when lot-to-lot variability was taken 
into aecount as described below in connection with measure- 
ments of the percentage retention of chlorophyll. 

Because of the mass of objective data obtained in this in- 
vestigation (about 13,000 individual packages of beans were 
used), statistical compilations are used for the objective data 


on quality deterioration, rather than tabulations of observed 
data, for development of useful information. 

For example, observed data on the retention of chlorophyll 
and reduced aseorbie acid for sub-lots of Lot 1, stored at 
10° F. intervals from —10 to 30° F. and eyelie fluctuations of 
temperatures between —10 and 10° F., and between 10 and 
30° F. are plotted in Figure 1. In addition, ealeulated re- 
gression lines of log percentage chlorophyll retention on time 
and concentration of reduced ascorbie acid on time are drawn. 
It is seen that the observed values did not deviate widely 
from the straight lines. Lines for temperatures below 10° F. 
include observed values up to 365 days. 

The regression lines of Figure 1 ean be expressed by the 
equation: 

Log C = log C, — Sd, (1) 


where C = pereentage chlorophyll retention after d days, 


C, = regression value of percentage chlorophyll retention 
at zero time, and 


= the change in regression value of log C per day for 
a specific storage temperature of a given lot of 
frozen beans (the direction of the slope, which is 
negative, is taken into account by the minus sign 
in Equation 1). 


VE 
5° 
ae 


Percentage Chlorophyll 


1 


A. 
20 40 60 80 100 120 
Storage Time in Days 
Figure 1. Effect of storage conditions on retention of chloro- 


phyll and reduced ascorbic acid. Chlorophyll data are plotted 
as a semi-logarithmic graph. 


In Figure 1, caleulated values for S were 0.042 x 10° for 
10° F. storage; 0.245 x 10° for 0° F. storage; 0.450 x 10° for 
eyelie fluctuation of temperature between —10 and 10° F. ete. 
Calculations based on such regression coefficients can be used 
to elicit relationships among the several quality attributes 
studied, the effect of time and temperature on quality deterio 
ration, and a general definition of deterioration of frozen 
green beans. 

Table 4 is a compilation of S values for Lots 1 to 6 for six 
storage temperatures. Some differences between lots are ob- 
vious in spite of occasional reversals. Thus, Lots 2 and 4 
appear to have generally smaller slopes (slower deterioration) 
than Lots 1, 3, 5, and 6. Lot 6 appears to be generally higher 
in deterioration rate than all the others. 
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TABLE 4 
Rates of chlorophyll deterioration, S, in the range of 0 to 30° F.' 


Storage temperature (° F.) 
Lot No. 


0 10 15 20 25 80 
.245 951 1.926 3.698 8.313 12.005 
526 1.114 1.830 3.769 6.638 
190 1.052 1.818 4.110 10.540 15.923 
Bees 126 562 1.248 2.434 5.008 8.130 
5 111 753 2.088 6.600 12.753 
170 1.172 2.311 11.705 15.211 


' Rates are given as slopes x 1000 of the calculated regression lines, 
as in Figure 1, of log percentage chlorophyll retention on storage time 


in days 


Considering the possible sourees of variation among lots, 
variety did not appear to be an important cause; the two 
slowest to deteriorate (Lots 2 and 4) and the fastest (Lot 6) 
were all of the Blue Lake variety. Two lots of Top Crop (Lots 
l and 3) and one of Tendergreen (Lot 5) were intermediate. 
Lots 1 and 3, 2 and 4 were paired as a direct cheek on harvest 
year difference when other factors (i.e., growing area, variety, 
and processor) were the same. The paired lots showed a simi 
larity in deterioration rates that indicated no major differences 
between these harvest years for two areas, Eastern seaboard 
and Western Oregon. Lots 1 and 5 had similar deterioration 
rates but were of different varieties of bush type beans from 
different areas and harvest years. 

Differences among processors, or more correctly processes, 
appeared to be a source of the differences among lots. Inspec 
tion of Table 1 brings out the fact that Lots 2 and 4 had a 
high-temperature, short-time blanch and a high retention of 
chlorophyll (Ci) compared to Lot 6 which had a low tempera 
ture-long time blanch and a low retention of chlorophyll. 
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Figure 2. Effect of temperature on the rate of chlorophyll de- 
terioration. Points are observed values S; lines are drawn from 
regression values, S’, and plotted as a semi-logarithmic graph. 
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FROZEN FOODS. XVI. 


Rate of Chlorophyl! Deterioration, x10” 


75 80 85 30 95 
Initial Chlorophyll (C,), Percent 


Figure 3. Effect of initial chlorophyll level, C,, on rate of 
chlorophyll deterioration. 


Data in Tables 1 and 4 were used as the basis of a deserip 
tion of deterioration of stored frozen beans. S values of Table 
4 were used to calculate the regression of slope (S, expressed 
as a logarithm) on storage temperature, over the 0 to 25° F. 
range. Values of log 8 are plotted against storage temperature 
in Figure 2 along with calculated lines. 

An extension of the regression lines beyond 25° F. clearly 
indicated the rate of deterioration at 30° F. was less than 
would be expeeted from the relationships drawn between stor- 
age temperature and rate of deterioration in the lower range. 
Data were available for Lots 5 and 6 at 40° F. storage and 
these also fell below the extrapolated lines for these lots. This 
investigation does not provide a reason for the break in the 
relationship between temperature and reaction rate involved. 
It is suggested that the change in state, from frozen to thawed 
condition, that oceurs near 28° F. may be in some way responsi- 
ble. For example, reactant concentration in eutectic solution 
helow the freezing point may be greatly diluted by thawing. 

Caleulated regression values in Figure 2 provide a general 
estimate of deterioration rate for chlorophyll in these lots of 
frozen beans. The antilog of these values is identified as s’ 
and may be substituted in Equation 1 to estimate the chloro 
phyll retention of a sample stored at any temperature, 


substantially parallel, indi 


Regression lines of Figure 2 are 
cating a similar temperature coefficient for all lots. However, 
rates for different lots at a given temperature are seen to 
differ. An adequate description of quality deterioration of 
frozen beans requires a valid explanation of such differences, 
\ comparison of deterioration rate with the level of chlorophyll 
existing at the initiation of the storage experiments (Cy in 
Table 1) suggests that the method of processing is an im 
portant factor that influences the stability of the frozen 
product. 

Values of S’ (antilog of points on lines in Figure 2) were 
plotted against C, in Figure 3 for each of the 6 lots for tem 
peratures 10, 15, 20 and 25° F. The existence of a straight 
line relationship between C,; and chlorophyll deterioration was 
apparent and regression lines were caleulated and drawn, 
These served as the basis for an empirical equation relating 
rate of chlorophyll deterioration of stored frozen beans to 
storage temperature and ¢ The relationship was reduced to 
the following exponential equation: 
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(119.0 O55 (2) 


, slope of the regression of log percentage chloro 
phyll retention on time, as the change in log C 


per day, 


where S 


storage temperature (~ F.), and 


initial percentage chlorophyll retention. 


This equation should not be used for extrapolation beyond 
the region where experimental data are shown to be well repre 
sented by the linear regression |_nes——that is, for values of T 
between 0 and 25° F., and for values of C, above 74%. By 
substitution of S” and C, for S and C, Equation 1 can be 
modified to predict the chlorophyll retention for any stored lot 
of beans for which Cy and the storage temperature are known. 

It is evident from Equation 2 that the higher the initial 
chlorophyll retention, the slower was the rate of chlorophyll 
deterioration in the subsequent storage at any given tem 
perature. This could not be a direct eausal relationship because 
that would lead one to expeet that as the chlorophyll per 
centage decreased during storage of any lot, the rate of fur 
ther loss would increase. As wus seen in Figure l, and us 
expressed in Equation 1, the rate of deterioration for any lot 
aut a given temperature was constant in the log relationship. 

As noted above, the value of the initial chlorophyll retention 
for any lot appeared to be strongly influenced by the condi 
tions that had been used to blanch the material adequately 
with respeet to peroxidase enzyme, It can only be surmised at 
the present time that the differences in blanching conditions 
were also responsible for the observed differences in chlorophyll 
deterioration rates. is offered as providing an empirical 
fitness, and as being useful in the absence of specific knowledge 
to relate blanching conditions directly to deterioration rate. 

In addition to the 30 storage studies upon which Equation 2 
temperatures 0, 10, 15, 20, and 25° F.), 
27 other storage studies at constant temperatures were run. 
Right of these studies were at 30 or 40° F. and did not con 
form to the general pattern of chlorophyll deterioration, as 
discussed above. The remaining 19 studies serve as a basis for 


was based (Lots | to 6; 


comparison of the observed values of chlorophyll deterioration 
for each lot of 
beans and storage temperature is ealeulated by Equation 2 and 


with those caleulated by Equation 1 (where 8” 


this rate value and C, are substituted into Equation 1). Table 
5 lists observed and calculated values of chlorophyll retention 
ut intervals of storage where observed values indieated a con 


siderable degree of deterioration. In view of the dissimilarity 


hetween lots, the differences between the observed and caleu 
lated chlorophyll retention are small in relation to differences 
that were detected by the trained panel. Lots 8 and 17, with 
C, of 72.7 and 66.9, are below the range of expected valid re- 
sults; and Lot 11, with C; of 75.2, is on the lower limit. These 
3 lots account for the 3 largest negative differences in this 
comparison, A further comparison is provided by the caleu 
lated number of days required to reach the observed chloro 


pbyll retention, based on values. 

From these data it may be concluded that Equation 2 does 
provide a general description of chlorophyll deterioration as 
related to storage temperature and Cy, over a broad range of 
variability among lots of frozen green beans. 

Beeause the French-cut beans did not differ substantially 
in regard to deterioration during storage, data from these lots 
have been ineluded without differentiation from the regular 
cut frozen beans. 

The aseorbie acid loss for frozen beans, as shown for Lot 1 
in Figure 1, and the changes in HCM ‘*a 
course of deterioration similar to that of chlorophyll. How 
ever, analyses for reduced aseorbie acid and HCM ‘*a’’ read 
ings were not sufficiently reproducible from package to package 
tu provide as accurate a measurement of quality as did the 
chlorophyll determination. 

Samples from Lots 10 to 19, except 17, were stored at 20> FP. 
for 7 intervals of time between 0 and 42 days. Four replicate 
determinations each from a different package were used for 
ehlorophyll retention and reduced aseorbie acid measurement. 
Two packages were used for HCM ‘*a 
of regression of deterioration on time were ealeulated on aver 
uges of replications. Log percentage chlorophyll retention, log 
HUM ‘ta’? value, and concentration of redueed aseorbie aeid 
were the parameters used. To obtain an estimate of variability 
of the methods of measurement, standard errors of these slopes 


* values followed a 


measurement, Slopes 


were calculated and expressed as 4 percentage of the slope. 
For the chlorophyll measurement the standard error ranged 
from 1.7 to 6.80 with an average of 4.0; reduced aseorbie 
acid, 4.4 to 12.1, average of 7.6; HCM ‘‘a’’ value, 3.2 to 11.5, 
average of 7.2. 

These larger errors in aseorbie acid and HCM ‘a 


values 
account for occasional observations where ascorbic acid or 
HCM 
intervals. Only very rarely, and in no important degree, were 
such reversals found in the chlorophyll retention data. 

There was a tendency for the rate of aseorbie acid loss to 
be higher for lots with more ascorbie acid but this effeet could 
not be closely defined. It appeared that change in chlorophyll 


uppeared to increase with storage time over short 


TABLE 5 
Comparison of observed and calculated chlorephyll retention and storage time 


Storage condition 
Temp Time 


I days 
Ww 
165 

“ 65 

“ B65 

240 

165 

240 

42 

42 

42 

42 


4 
4 
4 
4 
4 
4 


19 Comparative example 


Values reflect total of all chlorophyll conversion: processing and 


Chlorophyll retention ! 
pny Caleulated 


Observed Caleulated Difference erage time 


days 


storage 
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Flo-Sweet “HR & D” 


means to you 


New products through research 
are helping many companies 
set new sales records 


Refined Syrups maintains a compre- 
hensive research and development 
laboratory. This means Flo-Sweet is 
constantly improved, processes are 
kept up-to-date, and the significance 
and utility of new sugars are continu- 
ally under study. 

Flo-Sweet’s liquid sugar system was 
the earliest form of bulk handling, 
preceding by many years today’s trend 
to advanced materials handling of oils, 
flour, granulated sugars, fats, etc. Spe- 
cialized knowledge gained through 
this pioneering makes it possible for 
Flo-Sweet to offer: 


COMPLETE ENGINEERING SERV- 
ICE — Design and installation of 
customer receiving, storage, and dis- 
tribution systems with built-in con- 
trols of meters, pumps, and valves for 
push-button operation. 


AUTOMATION — Coolers for bak- 


ers...heaters for fast and economi- 
cal water removal . . . and specialized 
equipment designed by Flo-Sweet 
make possible continuous processing. 


QUALITY IMPROVEMENTS — Re- 
moval of turbidity assures a truly neu- 
tral sweetener that safeguards flavor, 
aroma, and taste. Reduction of min- 
eral content (ash) to .005% maximum 
and production of colorless liquid su- 
gar, measures of sugar purity, are 
achievements of research. 

NEW SWEETENERS — Flo-Sweet 
customers are enjoying the advantages 
of Sucrodex (sucrose-dextrose sugars), 
Inverdex (invert-dextrose sugars), and 
liquid sugar/corn syrup blends — a 
whole new family of sweeteners formu- 
lated to meet individual requirements. 

In R&D, as well as in every phase 
of the company’s service to industrial 
sugar users, Flo-Sweet resolves: 


REFINED SYRUPS & SUGARS, INC. 


YONKERS, NEW YORK 


SERVING 
FROM YONKERS, 


INDUSTRIAL SUGAR USERS 
ALLENTOWN, 


EXCLUSIVELY 


DETROIT, TOLEDO 


¢ To help solve customers’ problems. 
¢ To offer products priced competi- 
tively and beyond reproach in quality. 
e To earn the right to the continued 
confidence of sugar users, by keeping 
creatively alert to new developments. 


Flo-Sweet research has helped customers 


solve many problems. Factual reports, tech- 
nical papers, illustrated brochures, and an 
authoritative handbook have been published 
to disseminate technical information widely. 
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Lift your sales 
to new highs with 


FLAVEDOL*’ 


Citrus Concentrates 
by Givaudan 


Universal and Uniform! Givaudan’s FLAVEDOL CITRUS CON- 
CENTRATES are a mixture of oils from various producing areas. . . 
BLENDED to give you maximum economy, strength, quality and 
distinctiveness of flavor ... CONCENTRATED for maximum stabil- 
ity. Uniform from batch to batch in odor, taste and strength. Lime, 
lemon or orange—they are ideal, finished flavoring materials for gela- 
tin dessert powders, hard candies, sherbets, Kola drinks and other 
beverages. 

Flavedol Citrus Concentrates live up to Givaudan’s world-wide 
reputation as a leading producer of quality products. We are proud 
to recommend our Flavedol Citrus Concentrates to you, and invite 


your inquiries. 
Inc. 


321 West 44th Street, New York 36, N. Y. 
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was not influenced by the same faetors as the deterioration of 
aseorbie acid. However, for individual lots of beans, aseorbie 
acid provided a good measure of relative quality deterioration. 

Subjective evaluations of color and flavor differenees be 
tween individual samples (same lot, same storage temperature, 
different intervals of storage) were compared with objective 
measurements of chlorophyll retention, reduced aseorbie seid, 
and HCM ‘fa’? value. 

In Table 6 are listed average differences between samples 
in the objectively measured quality factors, with the pet 
eentages of coneurrent judgments of color and flavor differ 
ences between the same samples. These data may be inter 
preted as follows: When about 4% difference in chlorophyll 
level existed between samples, the change in color was. suffi 
ciently large that approximately 85% of the panel detected 
the difference. When 3.5° difference or less in ehlorophyll 
levels existed hetween samples, coneurrence of difference judg 


ments ranged from 50 to 84¢,. 


TABLE 6 


Comparison of objective measurements of quality change with 
evaluations of difference in color and flavor between samples 


i Mean difference Mean differen Mean differen¢ 
or ii in chlorophyll in ascorbic in HOM “‘a’ 
indicating retention acid content value 
difference 
Color 


md 4 


‘ 

1 1.1 9 

Mi 6.4 1.1 1.1 


More than 94 
Data summarize results from al ots howeve the comparisons 


we e all made within lots 


Similarly, color difference judgments approached this degree 
of significanee between samples having about 0.9 mg. per 
100) g. difference in ascorbic iid eontent and 0.7 units dif 
ference in HCM ‘*a’? value. These levels of differenee wer 
small relative to experimental error and sample to sample 
variability. For this reason it would not be expected that these 
measurements would be so deseriptive of color change as is the 
measurement of ehlorophyll change. They do, however, on the 
basis of average data over the breadth of this investigation 
show a relationship to subjective evaluation that is quit 
regular. 

In order to detect a flavor difference, more deterioration 
was required than for color. Data in Table 6 indieate nearly 
a four-fold increase in values for the three objeetive measure 
ments to obtain the 856, concurrence. 

It should be emphasized that these comparisons have beer 
drawn between samples of a given series from one lot, not 
between samples of different lots. However, comparison of 
samples from different lots would have been valuable in de 
veloping an absolute correlation of subjective with object ve 
measurement of quality. An inherent difficulty subjective 
appraisals between lots is that factors other than color or 
f a lot of one 


flavor may affeet judgments. For example, 
inch eut green beans were compared with another lot which 
was French-eut, judgments would not successfully be confined 
to color difference. More subtle variations in appearance and 
flavor existed between most or all of the lots tested and aeross 
lot evaluation of eolor or flavor differences could have been 
only of limited value. 

Quality appraisal by industry panel. On three occasions 
industry panels scored samples for color and appearanee. Data 


TIME-TEMPERATURE TOLERANC 


E OF FROZEN FOODS. XVI. 141 


for 6 different lots are presented in Table 7 as percentage of 
judgments seored as deseribed in the section on Experimental 
Procedures. Ci and a ealeculated regression value for the per 
centage of chlorophyll retention of each stored sample is tabu- 
lated as a standard for comparison, For each lot, as the ehloro 
phyll deteriorated a lower percentage of ‘1’? scores was given 
and a higher percentage of ‘‘3’’ seores. 

It might be suggested that initial high quality of frozen 
beans no longer exists after a storage experience that results 
in a substantial percentage of the panel refusing to seore the 
sample **1°*. Furthermore, as a substantial number of judg 
ments suggest that consumer complaints would be received, a 
low level of marketing quality must have been reached. 

Attempts to establish, by use of the data of Table 7, an 
absolute relationship of panel judgment to the amount of 
chlorophyll retained were not very suecessful. However, for 
Lots 1,5, and 7 a close relationship existed as shown in Figure 
+, in which the percentage of panel scores for high quality are 
plotted against the percentage of chlorophyll retained. A 
remarkable similarity is apparent among these 3 lots, whieh 
represent 5 varieties, 2 growing arens, 2 packers, and 3 harvest 
years and were judged by 3 separate panels of industry repre 


sentatives on 3 ocensions over a period, 


When chlorophyll retention was in the range of SO to 850, 


nearly all of the judgments indieated that quality was high 


and when it was about 75¢ c, & Majority of the panel members 


would judge the product as no longer of the highest quality. 


These 2 lots, all bush-type varieties, had initial chlorophyll 
levels in the narrow range of 81 to 866 The other 3 lots, 
which did not conform to the general relationship stated above 
were all of the Blue Lake variet nd were quite dissimilar as 


to initial chlorophyll lewve 
Samples from individual lots were presented to the panel as 


# series where the control sample stored at 20° FL) tended 


TABLE 7 
Industry panel judgments of acceptability 


retention 


63.1 
10.8 
| 
i ~ 87.33 
fa 70.4 
71.7 
So 
14 77 
Huet 
12 62.7 
l 
‘ 
i 
~ ‘ 19.2 
i 
4.0 
14 754 
71.1 
H7.0 
59.5 
72.7 
R01 
14 0 
H0.9 
4 
high qualit score 1 iuse consumer com 
Pa held Jar 
Pune held Mar 
Panel } 1 Aug 


| 

— 
Flavor 
Less than 55 7.4 1.2 1.3 
55 to 64 7.3 1.3 1.3 
65to 74 1.8 1.6 
75 to R4 13.5 2.5 2.5 
4 7 
laws ) 
1 67 0 1.2 
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© Lot! Jan i954 
© Mar.1955 
4 Lot7 Aug 1956 


Pane! Judgments of High Quality, Percent 


40 60 80 100 
Chlorophyll Retention, Percent 


Figure 4. Relationship of chlorophyll retention to high qua- 
lity judgments (score 1) by industry panels. 


tu provide an upper standard of quality in the judgment of 
euch lot. Thus, a different standard existed for each lot. The 
difference in these controls can be seen in the measured chloro 
phyll retention data which ranged from 72 to 93% in the lots 
evaluated. It might be expeeted that lots similar at the start 
of storage tests would provide data that are comparable (as 
Lots 1, 5, and 7). However, Lots 6 and 8, which are similar 
(Cy 73.8 and 72.7), were not strictly comparable. 

A somewhat more consistent relationship among all 6 lots 
is seen in Figure 5 on which are plotted the percentage of 


Lot | Jan 1954 
Lot 2 
Lot 5 Mar 1955 
Lot 6 
Lot 7 Aug 1956 
Lot 8 


Panel Judgments of Consumer Complaint, Percent 


i 4 49444040 @ 
30 40 50 60 70 80 90 


Chlorophyll Retention, Percent 


Figure 5. Relationship of chlorophyll retention to consumer 
complaint judgments (score 3) by industry panels. 


judgments scored ‘‘3’’ by the industry panels, against the 
percentage of chlorophyll retained. This plot may be inter- 
preted as follows: A lot of frozen beans retaining less than 
65¢¢ ehlorophyll will be judged by some industry people as 
likely to cause consumer complaint; when between 50 and 60% 
chlorophyll is retained, a majority of industry people will 
believe that complaints are likely to follow. Therefore, a con 
servative estimate of a consumer complaint level could be 
drawn at 50¢¢ chlorophyll retention for green beans. 


Effect of cyclic fluctuating temperatures. Samples of frozen 
beans from several lots were subjected to conditions of cyelie 
fluetuations of storage temperature. In these studies air tem- 
peratures were controlled to follow a sine wave pattern on a 
‘M-hour cycle. Subjective evaluations of color and flavor de 
terioration indicated that rates of change were similar to those 
of samples stored at constant temperature at the mean of the 
two temperature extremes, 

Objective measurements indicated that deterioration rates 
were slightly higher than they would be at the mean tempera 
ture, This is in accordance with the theoretical considerations 
expressed by Schwimmer ef, al. (5) and elucidated by Guadagni 
and Nimmo (3). Where the observed data were available, 2 
methods were used to calculate the constant storage tempera 
ture at which the rate of deterioration would be the same as 
the rate observed for «a fluetuating storage temperature. Ob 
served values of chlorophyll deterioration were used to caleu 
late the regression slope, S, as in Figure 1. S was plotted at 
the appropriate C, level in the relationship shown in Figure 3 
and an equivalent constant storage temperature ascertained by 
interpolation between the lines of temperature. For 6 lots of 
frozen beans, these values are listed in columns ‘‘a’’ of 
Table 8. 

Another value for the constant temperature calculated ac 
cording to the equations given by Schwimmer ef al. (5) for 
each storage study with a fluctuating temperature is shown as 
columns in Table 8. These were ecaleulated using Qa 
values (which express the effect of reaction rate variation over 
the temperature range) based on observed chlorophyll de 
terioration rates for constant and fluctuating temperatures. 
and ‘*b’’ in Table 8 are in general agreement. 
Data on the first four conditions of fluctuating temperature 
storage (—5 to 5, —10 to 10, 0 to 20, and 15 to 25° F.) ean be 
used to develop a general equation: 


Values ‘‘a’’ 


Te +h, (3) 
coustant storage temperature required to produce 
chlorophyll deterioration equivalent to eyelic 
tuctuating temperature; 


where Ty 


mean temperature of fluctuation; and 

a constant dependent upon the amplitude of the 
fluctuation and the commodity stored. For green 
beans, where the amplitude equals 10 

19° F.; and where the amplitude is 

4.6° F, 


The influence of change of state at the freezing point of the 
product is again apparent as shown by the calculated value of 
k 2.0 (Equation 3) for the 4 storage studies of the fluctua 
tion between 10 and 30° F. This value is less than would be 
expected from the relationship drawn from data in the tem 
perature range of —10 to 25° F. 

As far as these tests go, fluctuation per se had no effect on 
the rate of deterioration of these samples. However, because 
the rate of deterioration increases exponentially as the tempera 
ture increases in a linear manner, the effective deterioration 
rate of a eyelieally fluctuating temperature is higher than the 
arithmetic mean of the temperature conditions experienced. 

Sequence of time-temperature experiences and simulated 
transportation and distribution effects. The order of time 
temperature conditions was varied to ascertain the effect of 
sequence of separate experiences on total deterioration. In 
preliminary studies, varied sequences of temperature were used 
combining 20 with 0° F., and 10 with 0° F. Whether the high 
temperature experience came first, last, or was interrupted by 
the lower temperature experience, the total deterioration was 
ubout the same, as evaluated by flavor and color judgments 
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TABLE 8 


Effective constant storage temperatures (° F.) having rates of chlorophyll deterioration 
equivalent to observed values under cyclic fluctuations 


Fluctuating temperatures (° F.) 


Lot No 


10 to 10 0 ta 20 15 to 25 10 toe 30 


1 5.8 4.4 
2 1.9 2.9 
1.2 5.4 8 15.7 15.5 
4 1.5 6.2 5.1 14.8 135.8- 
5 0.1 1.7 14.4 14.8 
6 2.5 2.5 12.5 12.2 
Mean 1.3 2.1 5.6 4.3 14.4 14.1 


ia: Interpolated value by use of Figure 3; and b Calculated value by the method of Schwimmer, ef a/.(5 


2 Fluctuation followed a sine wave pattern on a 3-day cycle 


and as measured by losses of chlorophyll and aseorbie acid, start and termination of each part of each pattern for Lots 
Other studies concerned the deterioration of frozen beans 7 and &, 
subjected to temperature patterns simulating conditions of Chlorophyll retention values for whole patterns are com 
commercial transport and distribution through retail outlets. pared with sums of the parts of patterns in Table 9. The total 
Three sets of samples from each of 2 lots of beans were sub deterioration does not vary with sequence of the parts as seen 
jeeted to the conditions outlined in Figure 6. For the 10° F in the comparison of examples | and iii. The small difference 
maximum temperature study, flavor difference from the con hetween patterns a and b was recounted for by caleulating 
trol (—20° F.) could not be detected at the end of the storage differenees in deterioration with slopes (obtained by use of 
(RDC 10); but in one of the 2 lots, a color difference was Equation 2) for temperatures 2 F. below the high portion of 
observed. The reduced ascorbic acid and chlorophyll measure HR 20 curve, as observed for 6-9 days. The change in ordi 
ments showed a quality change, albeit small. nary pereentage chlorophyll retention for a given part of the 


pattern is less when the part occurs later in the pattern as 


seen in the comparison of examples x and xi. The former was 
| preceded by an 8-month storage at 0 F. If arithmetical dif 


2) 


ferences in percentage chlorophyll for the separate parts are 


added together, as in example v_ the ealeulated change is 
greater (less retention than for the observed values. When 


samples for each part of a pattern are stored separately to 


Temperature °F 
5 


a Iw, constant O°, 8 monins | R20,, days 13 doys 


Reto! Cabinet Lot rf 
Transport | Warehouse | Distribution Storage 7 7+ 860 788 736 666 
4 20 26 a0 
Days 8 727 659 606 540 
Figure 6. Time-temperature patterns simulating conditions 
of transportation, warehousing and marketing. »fris,, days constant 8 months |oc,, 13 soys | 


‘ ‘ ‘ 
Ri 748 674 


For the 20° F. maximum temperature, flavor and color dif 
ferences were observed between the control and terminal sam S- 727 685 613 560 
ples (RDC 20). Color difference but not flavor difference was 


observed at the end of the simulated transport (R 20). Sub - [R20.. ~~ Joc., 13 doys | 


stantial losses of reduced ascorbie aeid and chlorophyll also 


oceurred. These effects were repeated, but in increased amounts 9 ¢ ‘ 
of measured deterioration, for the 30° F. maximum tempera r 860 800 722 
ture conditions. In addition, at this higher temperature, a - 
8 72.7 673 599 
detectable color difference was observed between samples taken 
after the transport (R30) and the distribution phase (RD 30 
of the storage pattern. The measured quality factors showed a DC,, 13 doys 
approximately 50 greater deterioration for the 30° F. series ; ; 
than for the 20° F. series at equivalent points. 7 860 176 
The RDC 20 pattern, Figure 6, was also used to study the 
effect of sequences of the various parts on total deterioration. 8 72.7 647 
se sequences the ware » time at 0° F. (W) was 
In these seque nees he warehouse time at I was in | \ 
creased from a few days to 5 months, and preceded a transport Jon 25 Feb8 Sept 25 Oct 9 Oct 23 
at 20° F. (R 20) and followed a transport at 18° F. (R 18). 
The last 13 days simulating retail distribution and cabinet Figure 7. Effect of sequence of simulated patterns of com- 
storage (DC) were the same as in RDC 20 Figure 6. Six repli mercial transportation, warehousing, and marketing on chloro- 
cate determinations were used to establish the amount of phyll retention. 
chlorophyll retention for W, R 18, R 20, DC, and combinations W refers to warehouse, R to transport, and DC to retail distribu 
of these experiences shown as 4, b, e, and d in Figure 7. Aver tion and cabinet storage; 4, ° ind d refer to the sequence patterns 
Kioronl and respective subscripts Arrows pol g up indicate when samples 
age pereentage chlorophyll retention 1s also given for the were placed in and those pointing down indicate when samples were 
taken out of the sequences The numbers under the arrows are the per 
centages of chlorophyll retentior The asterisks in pattern ¢ indicate 


The 2° F. difference over part of the curve was caused b; calculated values of percentage chlorophyll retentior based on the log 


a variation in adjustment of the temperature controller. change in percentage chlorophyll retention as observed in pattern d 


\ 
4 
— 
: 5t 
21.7 22.5 21.2 
20.5 22.2 
3 22.4 22.9 23.9 
22 0 20.1 22.4 20.1 
22 21.7 22.0 
| 
RDC-30 
RD-30 
RDG-20 
R-20 
RD-20 ¢ 
(> 
| 
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TABLE 9 


Effect of varied sequences of storage experiences on 
chlorophyll retention 


Change in 

chlorophyll 

retention 
Lot 7 Lots 


Chlorophyll 
retention (% ) 
Lot 7 Lots 


Example Pattern? 


Wa R20— DCa 54.0 
Wa + R206 DC, 4 54.5 
We 7 56.0 
+ Wa + DCa 
Kite + Wa + DCa 


Wa R200 
W, 


Ris» We 
Wa 
R20, DC. 2.2 11.9 
R206 DC, 2.8 
‘Symbols and subseript letters refer to sequence patterns or parts 
sequence patterns in Figure 7 
2 Obs: Observed mean value at end of pattern 
‘Log: Summation of parts of patterns based on rate of chlorophyll 
terio ation in each part 


+o): Summation of arithmetic differences in percentage chlorvophy!l 


determine the change in chlorophyll retention from Cy it is 
convenient to ealeulate the sum of the changes in log values 
for all the separate parts and subtract the summation of log 
values from log C, to obtain the chlorophyll retention at the 
end of the whole pattern, This is true since the log function 
of chlorophyll retention and storage time is linear, Chlorophyll 
retention values caleulated by this proceedure as shown for 
examples ii, iv, vii, and ix agree closely with the respeetive 
observed values in examples i, iii, vi, and vii as measured at the 


end of complete patterns, 


DISCUSSION AND CONCLUSIONS 


Frozen green beans from a broad sampling of com- 


mercial operations were tested over a wide range of 
constant and fluctuating temperatures. Their ce- 
terioration followed a well defined course that is de- 


seribed by changes in color and flavor, loss of reduced 
ascorbic acid, and conversion of chlorophyll to pheo- 
phytin. 

The number of days of storage at a particular tem- 
perature required to cause a detectable flavor or color 
difference from a control sample of the same lot has 
been used to provide information on the rates of 
flavor and color deteriorations. The data revealed the 
usual exponential effect of storage temperature on 
deterioration rate. The rate approximately doubled 
with each 5” F. increase in temperature in the range 
of 0 to 25° F. Objective criteria of product quality 
indicated a similar effect of storage temperature on 
rate of deterioration. That is to say, deterioration 
rate, as measured by chlorophyll conversion, loss of 
reduced ascorbie acid, and change in Hunter Color 
and Color Difference Meter ‘ta’? value also about 
doubled with each 5° F. inerease in storage tem- 
perature, 

Thus low temperature is an important factor in tho 
preservation of quality of frozen beans. Deterioration 
was negligible at —20° F.; and at 0° F. the products 
which were initially of high quality maintained good 
quality for about a year. As the temperature is in- 
creased above 0° F., storage life becomes more and 
more limited. 


When the temperature was varied in patterns, de- 
terioration was found to be a summation of time- 
temperature experiences by all of the criteria of 
quality used in this investigation. Order of such ex- 
periences was of negligible importance. Cyclic flue- 
tuations of temperature caused deterioration that 
could be expressed completely as a summation of con- 
stant temperature increments. No case of reversal of 
deterioration was found. Once damage occurred, 
quality was never regained, even though good prac- 
tices were applied thereafter. 

()bjective measurements related to quality of 
product were developed that enable one to define rate 
and degree of deterioration with reasonable precision 
and thus provide a useful description of deterioration. 
The measurement of reduced ascorbie acid, per- 
centage conversion of chlorophyll to pheophytin, and 
HOM ‘‘a’’ values had an error about half that of the 
subjective evaluations for color and flavor when com- 
parisons included the variations that existed between 
lots. The measurement of chlorophyll was found to 
have a higher precision of individual values and a 
closer relationship to product quality than the other 
objective measurements. It made possible an identifi- 
cation of lot-to-lot variation and provided a descrip- 
tion of product deterioration that was reluced to an 
empirical equation of adequate reliability. This de- 
pended upon a correlation of the rate of conversion 
of chlorophyll to pheophytin with the initial chloro- 
phyll level. No substantial variation among the 19 
lots was directly attributed to variety, growing area, 
harvest vear, or type of cut. 

Green beans blanched at a high temperature for a 
short time retained a higher percentage of chloro- 
phyll through processing than those blanched at a 
lower temperature for a longer time to an equivalent 
degree of peroxidase inactivation. A high retention 
of chlorophyll coincided with a low rate of deteriora- 
tion. Llowever, limitations of the experiment pre- 
clude the development of a mathematical relation- 
ship between deterioration rate and conditions of 
blanching. 

The foregoing suggests means for minimizing de- 
terioration rate of this product by use of high- 
temperature, short-time blanching conditions. This 
concept is developed more fully in research reported 
by Dietrich ef al. (2). 

A general improvement and increased uniformity 
of industry practice regarding blanching of green 
beans could lead to the adoption of the measurement 
of the percentage retention of chlorophyll as a useful 
index of quality for the frozen product. At present, 
it is a valuable tool in the investigation of green bean 
quality and factors that affeet quality. However, the 
variation in industry practice results in a wide range 
of initial chlorophyll retention (99 to 66% in 19 com- 
mereial lots). Therefore, the chlorophyll retention in 
a sample of frozen beans should not be used as a gen 
eral indication of past storage history or anticipated 
tolerance to future treatment. 

For example, if a sample of green beans were to be 
taken from trade channels and found to have retained 


75% of its chlorophyll, then by use of Equation 2 


| 
iii 

73.6 60.6 
Log 73.3 
| 
vu 

4 
| 
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and the experience of this investigation the following 
extremes of possibility can be calculated : 


A. The sample was processed so as to retain 95% 
of its chlorophyll, has undergone the equivalent 
of 200 days at 10° F., and is expected to with- 
stand 190 more days at 10° F. before the chloro- 
phyll level is reduced to 60%. 


3. The sample was processed to have retained 75% 
of its chlorophyll, has not undergone storage 
deterioration, but is expected to withstand only 
90 days at 10° F. before the chlorophyll is re- 
duced to 60%. 


It is perhaps to be expected that, with improving 
industry practice, no lot of frozen beans will be pro- 
duced with less than 85% chlorophyll retention (a 
level that seems feasible within present equipment 
limitations). Then the above case can be stated: 


C. The sample has had an experience at least 
equivalent to 70 days at 10° F., and it will with- 
stand at least 120 days more at 10° F. before the 
chlorophyll level deteriorates to 60%. 


Thus, the measurement may become more generally 
useful as a quality index. In the meantime, it appears 
feasible for a packer or buyer who is. sufficiently 
aware of the processing conditions used, and condi- 


tion of his pack of frozen beans at the time of process, 


to use the chlorophyll measurement to determine the 
approximate history of a sample of his brand taken at 
any point in the channels of trade. 
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Notes and Letters 


Edible Protective Coatings for Extending the 


Shelf Life of Poultry - 


Ix THE SELF-SERVICE STYLE of 
handling meats, maintaining the freshness of the 
product is of prime importance. Tight-fitting, mois- 
ture-proof packaging with low oxygen permeability 
reduces the rate of decline in the quality of red meats 
and poultry by reducing moisture loss, microbial de- 
velopment, and rancidity as shown by Margolf ef al. 
(8), Clauss ef al. (3), Klose and Lineweaver (7), and 
Weils ef al. (14). However, in paekaging poultry 
the elimination of all air spaces is next to impossible 
due to the irregular shape of the carcass. 

Various coating materials are being used on frozen 
fish as shown by Whiteleather (16) and Jetson (6). 
Certain coatings have been employed experimentally 
on redl meats as reported by McAllister (9) and West- 
over (15) but there has been relatively little work 
done on spray or dip coatings for eviseerated and 
cut-up poultry. MeNally (10) reported that mineral 
oil or wax was a better coating than corn oil or lard 
in preventitng weight loss in poultry. More recently, 
Dawson (7) has made some preliminary studies with 
eviseerated poultry using a resin coating similar to 
that reported by Westover. 

A report by Pearce and Lavers (71) on the use of 
carrageenin (a gelatinous polysaccharide extracted 
from Irish moss) suggested this study. In 1949, 
Pearce and Lavers found that dipping eviscerated 
poultry in a melted solution of carrageenin gel con- 
taining 6° sodium chloride prior to freezing would 
delay the development of off odors in the defrosted 
Carcasses, 

In recent years, there have been many reports on 
various broad spectrum antibiotics as preservatives 
for fresh fish and poultry. Their value in prolonging 
the shelf-life of sueh products is well substantiated 
in the literature. With the acceptance of the two 
tetracyclines, aureomycin and terramyein, as preser- 
vatives for fish and poultry, it was thought that such 
nontoxie edible materials as carrageenin and agar 
might prove of value as a means of increasing the 
shelf life of fresh poultry when used in conjunetion 
with antibiotics. 


MATERIALS AND METHODS 


Poultry samples. Unfrozen chicken necks and backs were 
purchased from a local poultry retailer, washed, and eut into 
lengths approximately 2%. in. long. 

Coating materials. The coating materials tested were marine 
plant polysaccharides agar and ecarrageenin gel. Eight hun 
dred ml. quantities of a 30) agar solution with 1% glycerol 
us a plasticizer and «a 4° solution of carrageenin gel were 


* Presented at the Fighteenth Annual Meeting of the Insti 
tute of Food Technologists, Chieago, Illinois, May 28, 1958. 


prepared by steaming in an autoclave until the coating ma 
terials were melted and in solution. Onee melted, the coatings 
were cooled to, and maintained at 148° F. until used. 

Poultry samples were selected at random and immersed in 
the prepared coatings for 10 seconds; removed; and then re 
dipped for 2 seconds. Any excess coating material which had 
not solidified was then allowed to drain from the sample before 
being placed in a sterile one-pint jar and covered. Duplicate 
samples were wrapped in aluminum foil after coating and 
placed in one-pint jars to determine the value of the coatings 
when used with a conventional wrapping material. 

Antibiotics. The antibiotics employed were the water soluble 
salts of chlortetraeyeline (Aeronize P.D.), oxytetraeyeline 
(Biostat P.A.), neomycin, and polymyxin B. Two antifungals, 
myecostatin and sorbistat, were also employed. 

The antibiotics were applied to the poultry samples by (a) 
immersing the samples for one hour in a sterile saline anti 
biotie solution at 35° F. prior to coating; (b) their direct 
addition to the prepared and cooled coating materials; and 
(e) the combination of both of the above. The concentration 
of the antibioties used was set at 15 and 20 p.p.m. on a weight 
basis. 

Storage temperatures. Three storage temperatures were em 
ployed, 75° F., 55° F., and 35° F. At given intervals—8 hours 
for 75° F., 12 hours for 55° F., and 24 hours for 35° F.—sam 
ples were withdrawn from storage and examined for general 
appearance, off odors and bacteriologically using the rinse 
technique (2). The sample was placed in a sterile jar of 
known weight, reweighed and sterile water added to give a 
1:10 dilution on the neck weight basis. The jar was then 
tightly eapped and placed on a Eberbaech Shaker for 10 min- 
utes. Appropriate dilutions of the rinse water were made and 
plated, using nutrient agar. All plates were ineubated at 
68° F. (20° CL) and read after 96 hours. 


RESULTS AND DISCUSSION 


The coating materials presented no special prob- 
lems. Both were easily prepared and equal in ease of 
application. Coatings did not seriously alter the 
appearance of the samples and contributed signifi- 
cantly to the prevention of discoloration while the 
samples were in storage. 

At the two higher storage temperatures, 75° F. and 
») F., the coatings proved to be of little value in 
retarding microbial spoilage. Development of off 
odors with accompanying bacterial counts of approxi- 
mately 10° per gram occurred in the uncoated controls 
and coated samples at about the same time. However, 
at the lower temperature of 35° F., which is more 
nearly that in properly operated poultry display 
cases, there was a noticeable increase in the storage 
time for coated samples wrapped in aluminum foil 
(Table 1). 

The most significant increase in the storage life of 
the poultry samples was obtained when the coatings 
were employed with one or more of the antibiotics at 
a storage temperature of 35° F. 

The incorporation in the coatings of either of the 
two tetracyclines tested proved an effective method 


it 
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A recently developed vegetable 
extraction provides a fullness and 
roundness comparable to the finest 
pure bourbon vanilla extract in 


Atvan 


Table setting by 
Tiffany, N.Y. 


A recent contribution of the Alva Flavors Laboratories. 
Not the usual vanillin-type of imitation flavor, Alvan 


achieves a full-bodied taste at an economical price for every 


vanilla flavored food. 
Test this unusual new basic flavor! Production samples at 
your request along with suggested use recommendations. 


Alvan is available in strengths comparable to 
1X, 2X, 4X, 6X, 8X, and 10X pure vanilla extracts. 


Alvan 4 fold is priced at $7.50 per gal (24 gals) 


van Ameringen-Haebler, Inc. 
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ANHEUSER-BUSCH CUTS 
NEW EQUIPMENT COSTS — 


IMPROVES STARCH CONVERSION 


with Foxboro Magnetic Flow Meters 


Starch slurry measuring tanks for corn syrup production had to be 
replaced at the Corn Products Department, Anheuser-Busch Inc., 
St. Louis, Missouri. Wanted was a more automatic system that 
could meter slurry direct from storage to starch converter — elimi- 
nate visual tank-measuring techniques. 


Foxboro Magnetic Flow Meters proved the perfect answer, and at 
an installed cost considerably below that estimated for replacing 
tanks. Starch slurry, with 43.5% solids, flows right through the 
meter because this unique Foxboro instrument has no flow restric- 
tions. Measurement is made by electrodes flush-mounted in meter 
wall — recording by a remote Dynalog* Electronic recorder. 


Anheuser-Busch engineers credit their Magnetic Meters with better 
than + accuracy, consistent repeatability. They also report 
the meters are unaffected by changes in slurry density, temperature, 
pressure, viscosity, or chemical composition. 


For liquids as viscous as starch slurry, or as free-flowing as water, 
Foxboro Magnetic Flow Meters have a proven record of accurate, 
trouble-free performance. Get the complete story in Bulletin 20-14C. 
The Foxboro Company, 352 Norfolk St., Foxboro, Mass. 
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Starch-conversion control panel at Corn Products 
Dept., Anheuser-Busch Inc., St. Louis. Mo. The 
Dynalog electronic instruments record and con- 
trol starch flow metered by remotely located 
Foxboro Magnetic Flow Meters. 


Foxboro Magnetic Flow Meter (above) is one of 
two installed by Anheuser-Busch to replace 
batch measuring tank system. Meters provide 
measurement of starch slurry with better than 
+%2% accuracy. Diagram for one of the sys- 
tems is shown below. 


LOW LEVEL ALARM 


STARCH STORAGE TANK 


TO PROCESS 
MAGNETIC FLOW 


STARCH 
CONVERTER 


RECORDING CONTROL PANEL 


MAGNETIC FLOW METERS 


. 
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eatment 


Control, no coating or antibiotic 
A2 Agar coated samples 
\ Carrageenin coated samples 


Bl 1 hr. dip CTC, no coating 
hr. dip CTC, agar coated 
t3—-1l hr dip CTC, carrageenin coated 


Double line indicates time at which spoiled odor became evident 


for the application of such antibioties. Use of the 
coatings containing the antibiotics were more effee- 
tive in retarding spoilage than the one hour dip in 
the antibiotic-saline solution. Results obtained for 
the two coating materials and the two accepted tetra- 
evelines, chlortetracycline (CTC) and oxytetraey- 
cline (OTC) were nearly identical. The findings are 
in general agreement with results published by Ayres 
et al. (1) and Vaughn (12). 

The longest keeping times for treated samples were 
obtained from a combination of one or more of the 
tested antibiotics and antifungals. 

Exlund, Spencer and associates (5) and Wells 
et al. (13) reported that chlortetraeyeline used as a 
preservative processed poultry resulted in’ veast 
growth over the product and that yeast appeared to 
be responsible for a major portion of the spoilage that 
occurred during storage. Yacowitz, Pansy, et al. (17) 
obtained control of veasts by the addition of 10 p.p.m. 


Log of viable 


Nes 
Al Control, no coating or antibiotics 
A2 Agar coated samples 
A3 Agar coat containing 15 p.p.m,. CT¢ 


A4 Agar coat containing 15 p.p.m. CTC and 10 p.pom. Mycostatin 


* Double line indicates time at which spoiled odor became evident 


EDIBLE COATINGS FOR POULTRY MEAT 


TABLE 1 
Effect of coatings in conjunction with aureomycin (CTC) on wrapped samples 


Days stored at 35 


TABLE 
Effect of coatings in conjunction with aureomycin (CTC) and mycostatin on wrapped samples 


Log of viable organisms per gram of sample 


incorporated 


CT 
CTC incorporated into carrageenir at 


1 hr. dip CT¢ plus CT% ncorporated inte gar coat 


1 hr. dip CTC, plus CT% nceorporated int irrageenin coat 


mycostatin to the conventional chlortetracyeline dip. 
Addition of 15 p.p.m. chlortetracycline or oxytetra- 
cycline and 10 p.p.m. mycostatin to the coating ma- 
terials resulted in a significant increase in storage 
life over the use of chlortetracyeline or oxytetra 
ceveline alone (Table 2 

These findings give support to the statement of 
Ayres and Walker (/): **The probability exists that 
a combination of antibiotics could be selected in such 
a manner that their complementary action will 
markedly retard the development of bacteria and 
fungi 

SUMMARY 

Two edible coating materials, agar and carrageenin 
gel, while not substantially altering the appearance 
of poultry samples were of little value in retarding 


microbial spoilage at storage temperatures of 75° ¥F. 
and 55° FL At 35° F. there was a slight iInerease in 


> 


ranism ver gram of sample 


tored at 35° I 


Carrageenin coated sar 


Carrageenin coat containing 15 p.p.m, CT¢ 
Carrageenin coat containing 1 CT? d 


Mycostatin 
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keeping time of coated and wrapped samples com- 
pared to the non-coated controls. The coatings proved 
most effective when used with a wrapper in conjune- 
tion with one of the tetracyclines or a combination of 
antibiotics at a storage temperature of 35° F. 

Use of agar or carrageenin coating as a vehicle for 
the application of water soluble antibiotics proved 
successful. The results indicate that such a technique 
may be superior to the present antibiotic dip or wash 
now employed by some processors to increase the 
shelf-life of poultry. 


In a comparison of chlortetracyeline and oxytetra- 
eyeline it was found that the two antibioties gave 


comparable results when incorporated into the 
coatings. 

The two tetracyelines, oxytetraeyeline and chlor- 
tetracycline, proved most effective when incorporated 
in the coating materials in combination with other 
antibiotics or antifungals than when either was em- 


ploved alone, 


R. C. Meyer, A. R. Winrer, anp 
Il. Weiser 

The Ohio State University, 

Columbus, Ohio 
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SUCH SUPER- DELICIOUS 


IMITATION 


FLAVOR 


COMPOUND No. 28433 


This sales-proven flavor challenges trial-by-taste 
comparison. It is highly recommended for 
confectionery cream centers, sandwich 
fillings and dough work. 

Write us for samples. 
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(Continued from page 18 preceding technical section ) 
Polvyoxyethylene (8) Stearate for Use in Foods.”’ 
Printed copies may be obtained shortly by writing to 
Dr. Paul E. Johnson, Executive Secretary, Food Pro- 
tection Committee, 2101 Constitution Avenue, Wash- 
ington. 

Joint FAO WHO Expert Committee on Food Ad- 
ditives, The third session of the Joint FAO/WHO 
Expert Committee on Food Additives was held in 
Rome on December 1-8, 1958, under the chairmanship 
of Dr. A. C. Frazer, University of Birmingham, Eng- 
land. Those attending from the United States in- 
cluded Dr. C. Spencer of Dow, Dr. W. M. Mae- 
Naughton of Tennessee Eastman, Dr. B. L. Oser of 
Food and Drug Research Laboratories, and Dr. J. F. 
Mahoney of Merck. The purpose of the meeting was 
to dliseuss the establishment of specifications for food 
additives with particular reference to antimicrobial 
preservatives and antioxidants. The committee’s re- 
port is to be published by FAO and by WHO later 
this vear (1959 

HEW Department Meetings with National Organi- 
zations. Dr. Arthur S. Flemming, recently appointed 
Secretary of the Department of Health, Education, 
and Welfare, has concluded a series of 12 meetings at 
which representatives of about 700 national organiza- 
tions were asked to discuss the Department’s program 
and activities. Three of the meetings were devoted 
specifically to the Food and Drug Administration. 
Dr. J. F. Mahoney, as chairman of the Food Additives 
Committee, represented the Institute of Food Tech- 
nologists at the final meeting held on December 138. 

Dr. Mahoney, addressing the group, stated in part: 

The Institute of Food Technologists and the FDA 
certainly are united in their desire to insure that the 
American public receives a varied, wholesome, abun- 
dant, and economical food supply. [t is significant 
that so many of the food scientists of the FDA are 
also members of [FT. In considering specifie ways in 
which our common goals can be implemented, I should 
like to mention these points : 


1. The enactment of the Food Additives Amend- 
ment of 1958 has raised many questions of interpreta- 
tion and administration, The first set of proposed 
definitions and procedural and interpretative regula- 
tions were issued only a few days ago. We believe it is 
important that our food technologists as well as our 
lawyers understand these definitions and regulations, 
and we urge that FDA consider the most effective 


means by which this can be accomplished. We believe 
this will be of particular value to small organizations 
where compliance with the provisions of the Federal 
Food Drug and Cosmetie Act is often the responsi- 
bility of the food technologist. 


2. We must view with concern the number of ar- 
ticles which have appeared and are continuing to 
appear in the press to the effect that the American 
public is being harmed by the use of food additives. 
The faet that such a conclusion is simply not true does 
not lessen the fact that these articles tend to lower 
the confidence of the public in the wholesomeness of 
our food supply. 
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This situation is of concern to many organizations, 
including the Institute of Food Technologists, and 
considerable thought is being given to ways in which 
the important and essential role of food additives in 
safeguarding and improving our foods can be brought 
to the public’s attention. | am sure the Food and 
Drug Administration participation in this effort 
would be welcomed. 


IFT NEWS 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 
1959 
February 13-15 30th Fact Finding Conference, Sponsored by 
the Institute of American Poultry Industries, 
Municipal Auditorium, Kansas City, Missouri 
February 21-24 Convention of the National Canners Associa 
tion, Conrad Hilton Hotel, Chicago, Llinois 
February 26-27 7th Annual National Dairy Engineering Con 
ference, Kellogg Center, Michigan State Uni 
versity, East Lansing, Michigan 
Convention of the National Association of 
Frozen Food Packers, Conrad Hilton Hotel, 
Chicago, Illinois 


Mareh 1-5 


Southeastern Conference on Better Foods, 

The Georgia Center for Continuing Educa 

tion, University of Georgia, Athens, Georgia 

Mareh 31-April2 Annual Meeting of the Research and De 
velopment Associates, Food and Container 
Institute, Ine., Statler Hotel, Washington, 
D.C. 

April 5-10 135th National Meeting American Chemical 

Society, Boston, Massachusetts 


Mareh 4-6 


American Oil Chemists Society Spring Meet 
ing, Roosevelt Hotel, New Orleans, Louisiana 


April 20-22 


Annual Convention of the Institute of Food 
Technologists, Australia, Mayer Chalet, War 
burton, Victoria 

Nineteenth Annual Meeting of the Institute 
of Food Technologists, Bellevue-Stratford 
Hotel, Philadelphia, Pennsylvania 

June 7 76th Annual Convention of the National Con 
fectioners Association, Conrad Hilton Hotel, 
Chicago 


April 28-May 1 


May 17-21 


June 
Second Inter-American Food Congress, Caril 
lon Hotel, Miami Beach, Florida 

June Second International Symposium on Gus 
Chromatography, Kellogg Center, East Lan 
sing, Michigan 

June Canadian Institute of Food Technology, 2nd 
National Conference, Royal Hotel, Toronto 


1960 
May 15-19 Twentieth Annual Meeting of the Institute 
of Food Technologists, Fairmont Hotel and 
Masonic Temple, San Francisco, California 


California 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 


York, New York 


1962 


June 17-20 Twenty-second Annual Meeting of the Insti- 
tute of Food Technologists, Amercana Hotel, 
Bal Harbor, Miami Beach, Florida 


An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editorial Office, 11606 South Bell Avenue, Chicago 43, 
Illinois notices of annual or national meetings of interest to food 
technologists. 
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New York Sanitation Methods School 


In cooperation with the U.S. Food and Drug Ad- 
ministration, the American Association of Cereal 
Chemists, New York Section, will hold a Sanitation 
Methods School in New York City on February 16 to 
21, 1959 at the New York City Community College 
of Applied Arts and Sciences, 300 Pearl St., Brook- 
lyn 1. 

The project is the direet result of the work of the 
Sanitation Methods Committee of the AACC, and will 
train personnel in the cereal industry in latest sanita- 
tion procedures. This will include methods for de- 
termining contaminants in cereal grains and their 
products through X-ray techniques, and the identi- 
fication of insect fragments and rodent hairs. A 
nominal registration fee of $6.50 will cover the cost 
of supplies. Instructors will be furnished by the U.S. 
Food and Drug Administration. Application forms, 
and further information regarding the course may be 
obtained by contacting Mr. Andrew J. Allgauer, whose 
address is: Ward Baking Company, 367 Southern 
Boulevard, Bronx 54, N.Y. 


Food Technology Short Course 


Ilow are food product quality and identity pro- 
tected during the successive stages from the raw ma- 
terial to the consumer? This will be the theme of the 
seventh annual Food Technology Short Course to be 
held in Columbia, Missouri on Mareh 13 and 14. As 
in past vears, this two day technical meeting will be 
sponsored jointly by the St. Louis Section, the Uni- 
versity of Missouri and the Kansas City Section. 

The theme to be developed is product quality main- 
tenance, not only in the finished stages but from every 
aspect of the development from the farm to the table. 
Thus agricultural, purchasing, manufacturing, stabi- 
lity and packaging problems will be suecessively taken 
up. 

There will be two half day sessions on Friday of the 
meeting and a third on Saturday morning. A new 
feature this vear on Friday afternoon, replacing the 
previous tours of the Missouri campus, will be a time 
of informal table discussion. The main meeting will 
divide into small discussion groups which will con- 
sider, under selected leaders, a number of topics re- 
lated to the principal subject of the meeting. 

A rough outline for the program has now been es- 
tablished as follows: 

**Food Product Uniformity 
the Consumer”’ 


from the Producer to 


I. Raw Materials 
Unprocessed 
Agriculture 
Purchasing 
Processed 
Perishable 
Non-perishable 


II. Processing 
Continuous 
Batch 
Plant Personnel 


III. From the Factor to the Consumer. Protect- 
ing the Finished Product from Plant to 
Table 

Fresh, frozen, and canned products 
Laboratory control 
Statistical control 


Our national chairman, Dr. Aksel Olsen has agreed 
to be the speaker at the dinner on Friday night and 
acceptances have been received from outstanding 
speakers for other key spots on the program. 


REGIONAL NEWS 


WISCONSIN 


The fall activities of the Wisconsin Section began 
in Racine on September 26. A tour of the Wright de- 
signed ‘‘ Research Tower’’ at the Johnson Wax Com- 
pany preceded dinner and an excellent discussion of 
‘*New Developments in Corn Sirup Technology and 
Their Applications in Foods Processing’? by Mr. 
J. W. Evans, American Maize Products Company, 
Roby, Indiana. 

Meeting next at Milwaukee on October 24, the See- 
tion enjoyed a tour of the Continental Can Company 
facilities there. Following a buffet dinner at the 
Schlitz Country Club, Dr. Lloyd Hall of the Griffith 
Laboratories, Inc., Chicago, presented an interesting 
review of spices and advanees in spice technology. 

On November 21, the Section held its Annual Meet- 
ing at the Cuba Club in Madison. Officers elected for 
the forthcoming vear are as follows: 

Chairman elect—Oswald Freund, Red Star Yeast 
and Produets Co., Milwaukee. 

Secretary-Treasurer—Andrew C. Rice, University 
of Wisconsin. 

Member at Large—John J. Birdsall, Wisconsin 
Alumni Research Foundation. 

Section Councilor—Ara O. Call, Western Con- 
densing Co., Appleton. 

Dr. K. G. Wecekel, University of Wisconsin will be 
the Chairman for the 1959 activities of the Section. 

Following the annual business meeting, the Section 
was addressed by Mr. Norman O. Sorenson, Country 
Gardens, Ine., Milwaukee and Mr. Hy Pitt, Osear 
Mayer and Co., Madison. Mr. Sorenson, President of 
the National Canners Association, spoke briefly on 
the importance of technical advances, group diseus- 
sion and dissemination of information to the food in- 
dustries through IFT. Mr. Pitt then gave a stimulat- 
ing discussion of the basic role of statistics in food 
technology. 
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You don’t have to consult a French chef for the 
secret of making a good food product taste better. 
Simply start using Merck MSG. Merck is your 
new basic source for this flavor-enhancing in- 
gredient. Merck’s technically advanced manufac- 
turing process assures dependable delivery in the 
quantities you require. Rigid quality-control pro- 
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cedures provide Jot-to-lot uniformity of mono- 


sodium glutamate 99+% pure. And Merck’s Food 
Research and Technical Service Staff stands ready 
to help you at all times. Get complete information 
on how Merck MSG can add the gourmet’s touch 
to your products by contacting your nearest Merck 


Sales Office or writing directly to Rahway. 


MSG) —a product of MERCK 


MERCK & CO., INC., 


© Merck & Co., Ine. 


RAHWAY, NEW JERSEY 
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MOHAWK VALLEY 


The Mohawk Valley Regional Section of Institute 
of Food Technologists met Thursday evening, Decem- 
ber 18, at the Canajoharie Hotel. The meeting began 
with a social hour that preceded a buffet dinner. Wil- 
liam Nye, .}r., Chairman of the Mohawk Valley See- 
tion, called the meeting to order and a brief business 
session was held 

The election of 1959 officers of this section was an- 
nounced: the 1959 officers are: 

Chairman-elect, Henry C. Strecker, Beech-Nut Life 
Savers, Ine., Canajoharie, N. Y. 

Vice Chairman, John W. Stewart, Chairman of 
Food Technology Department, State University Agri- 
cultural and Technical Institute, Morrisville, N. Y. 

Secretary-Treasurer, Miss Dorothy Van Schaick, 
Beech-Nut Life Savers, Ine., Canajoharie, N. Y. 

Corresponding Secretary, H. Charles Nixon, Beech- 
Nut Life Savers, Ine., Canajoharie, N. Y. 

Councilor, Theodore EF. [rmiter, Salada-Shirriff- 
Horsey, Ltd., Little Falls, N. Y. 

Following the business meeting came the highlight 
of the program. Dr. Aksel G. Olsen, President, Insti- 
tute of Food Technologists, was the principal speaker. 
Dr. Olsen spoke on current status of the Institute, out- 
lining its functions and activities. Sueceeding this, 
Dr. Olsen presented a talk ‘‘ Industrial Research and 
Research Planning.’’ Slides were used to illustrate 
Dr. Olsen's talk. 

The Mohawk Valley Section was happy to meet, 
talk with, and listen to Dr. Olsen. 


Thursday evening, September 18, the Mohawk Valley Re- 
gional Section, Institute of Food Technologists, met at State 
University of New York Agricultural and Technical Institute, 
Morrisville, New York. Our hosts were John W. Stewart (cen- 
ter), Chairman of Food Technology Department, State Univer- 
sity Agricultural and Technical Institute, with associates 
Howard Deane (left) and Glen H. Olmstead (right). 


Highlights of the program 
were: 1. A guided tour through 
Shannon Hall, the new food 
processing laboratory which 
has modern facilities for proc- 
essing of foods, including both 
canning and freezing. 2. Din- 
ner prepared by seniors of 
home economics department. 
3. Excellent presentation by Dr. 
David B. Hand of Geneva on 
“Chemical Additives in Foods” 
in lecture room of Shannon 
Hall. 


Dr. David B. Hand 


Thursday evening, November 20, the Mohawk Val- 
ley Regional Section, Institute of Food Technologists, 
met at the’ Little Falls Country Club, Little Falls, New 
York. Junket Brands Food, division of Salada-Shir- 
riff-Horsey, Ine., acted as host for the group, and a 
buffet luncheon was served. The principal speaker for 
the evening was Mr. O. C. Holland, director of adver- 
tising for Interchemical Corporation, printing ink di- 
vision. Mr. Holland gave a talk on color in the graphic 
arts field and how to use color. He used slight-of-hand 
and ‘‘color magie’’ to explain color and show how it 
fools the eye. He also gave eye-popping demonstra 
tions with brilliant colors, powerful lights, sparkling 
lights, and even used magnetism. He is often referred 
to as the ‘‘color magician’’. His talk was very infor- 
mal and entertaining, ranging all the way from elec 
tronies to psychology. Fifty-four members and guests 
attended the meeting. —Kenneth Bracebridge 


INDIANA 


The next meeting of the Indiana Section will be 
March 3. The following is the schedule for this event 

12:30 p.m., Turner’s Athenaeum, 401 
East Michigan Street, Indianapolis 

1:30 p.m.—Tour of the Stokely Van Camp Plant, 
2002 South East Street, Indianapolis; Mr. Rutledge 
in charge 

5:45 p.m.—Social hour Turners Athenaeum 

6:30 p.mw.—Dinner. The after dinner address will 
be given by Mr. Ray B. Wakefield, Director of Re 
search and Quality Control for Gerber Products Com 
pany and Chairman Elect of the National I.F.T. Mr. 
Wakefield's topie will be **Current Problems of the 
National I.F.T.”’ 

The Section’s November meeting at Purdue Uni 
versity was designed to introduce students in Food 


Technology and related subjects to leaders of industry 
in the Indiana Area. ‘‘What I Do as a Food Tech 
nologist’’ was the subject for the following speakers: 
Mr. Virgil Rupp, Kingan Division, Hygrade Food 
Products Corporation; Dr. A. C. Shuman, Shuman 
Laboratories: Mr. Vern Walters, Pest Control Ser 
vices Ine.; Dr. J. R. Stockton, The Pillsbury Com 
pany; Mr. Fred Dellwo, Ball Brothers Company ; and 
Mr. Leslie F. Rutledge, Stokely Van Camp, Incorpor 
ated. 

This program was a continuation of the Section’s 
‘Career Day” efforts. It served to inform the stu 
dents already enrolled in Food Technology of what 
industry wants in trained personnel. The students 
learned from the experts the scope of our industry 
and the wide variety of challenging job opportunities 
which await the qualified man. This type of meeting 
should make the student even more enthusiastic about 
our profession. Representatives of fourteen companies 
and two universities were present to support this new 
endeavor. 

Dr. Richard Kohls of the Agricultural Economics 
Department at Purdue discussed the economics of food 
processing and packaging at the evening dinner meet 
ing. Dr. Kohls’ remarks were well received by the 
membership. 
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CAKE MIX FLAVORS 
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BRITISH COLUMBIA 


The B.C. Section of the Institute of Food Technolo- 
vists held its regular meeting on Thursday, November 
27, in the Kelly-Douglas Auditorium in Vancouver. 
Most of the staff of the Fruit and Vegetable Proces- 
sing Laboratory at Summerland, B.C., travelled over 
260 miles across the snowy Coast Mountains to speak 
to us on their activities. 

Mr. F. E. (Ted) Atkinson, who has been in charge 
of the lab since its inception in 1929, told of their 
apple cider development work. Also ineluded were 
some of the highlights of Ted’s recent trip to Europe 
where he studied European cider and juice manufae- 
ture. John Bowen spoke on his work on bacterial 
counts in frozen vegetables and the relationship of 
this research to quality control in the plant. Next, 
John Kitson discussed methods being studied for peel- 
ing tomatoes for canning. In the course of these 
studies, an interesting geographical variation in pH 
was discovered. Further work is planned to establish 
the cause of this variation. Dr. John Matthews, who 
holds a National Research Council post doctoral fel- 
lowship, is working at the lab on biochemical changes 
in cider during aging. As his work here is just be- 
ginning, he spoke to the group of his work in Swit- 
zerland on wine yeast metabolism. Dr. Dugal Mace- 
Gregor told of his work on concentrated juices and 
purées and their potential uses. A. W. Moyls reviewed 
the research work that led up to the commercial de- 
velopment of a B.C. pack of high quality fruit pie 
fillings. John Ruek discussed his studies on the in- 
soluble solids content of fruits and its uses as a quali- 
ty eriteria for jams and pie fillings. Miss Dorothy 
Britton spoke on the role of the test kitchen in de- 
veloping useful recipes for fruit and trying out the 
products developed by the research group in the pilot 
plant. 

Each speaker's time was strictly limited by a gong 
in timer George Claydon’s hand, but nevertheless they 
all very ably conveyed to the audience their enthusi- 
asm for their work. The third year class in Home 
Economics from U.B.C. swelled the gathering to more 
than 85 persons. After a number of interesting ques- 
tions, Mr. Granville Boothley of the Canadian Fishing 
Company thanked the speakers on behalf of the group. 
Chairman Chuck Bullen adjourned the meeting for 
refreshments and an hour of informal discussion. 


NORTHEAST 


Visitors to the Boston area will be interested to 
learn of the changes in our meeting schedule. A eor- 
dial welcome is extended for the second Tuesday in 
each month at the MIT Faculty Club: cocktails at 
5:30; good food for food technologists at 6:30; food 
for thought at 8:00. Thus, on November 18, over 80 
members and guests attended the dinner for Winston 
Bradshaw of Union Carbide Chemicals Corporation 
who gave a lively illustrated account of sorbie acid 
as modern food preservative”’ 
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Four weeks later, December 16, 130 members and 
their wives came to hear Dr. Ernest Guenther, Vice 
President and Technical Director of Fritzsche Broth- 
ers, Ine. who has recently returned from a 15,000 mile 
journey in and about Africa in search of essential oils. 
Besides being a peerless raconteur, Dr. Guenther has 
a talent for photography. He gently took the audience 
by the hand and led them into the whys and where- 
fores of essential oils, first by his talk, then by an illus- 
trated lecture on the spice islands of the Caribbean, 
and finally by the abbreviated log of his African trip 
as recorded in eolor film amplified by sound and aero- 
sol sprays. 

In a small way, the NE section is attempting to 
spread the gospel of food technology to local science 
teachers. According to plans, at least one high school 
teacher will be a guest at each meeting. The head of 
the science department of Norwood High School was 
introduced to the group at the most recent meeting. 


KANSAS CITY 


Our second year as a chartered section has gotten 
off to a good start. As of this writing, three of the 
nine meetings scheduled for the 1958-1959 season have 
been held. These dinner meetings, with the speakers 
and their subjects were as follows: 

September 25. Dr. L. D. Morse, Professor, Family 
Economics, Kansas State College, ** Factors and Prob- 
lems Related to Consumer Acceptance of Foods’’ 

October 23. Dr. Nelson Allen, Chestnut Run Lab- 
oratory, E. 1. du Pent de Nemours and Company, 
Ine., Wilmington, Delaware, ‘*‘ Packaging with Flexi- 
ble Films’’ 

November 20. Dr. Bruce H. Morgan, Assistant Man- 
ager of Packaging Engineering, Continental Can 
Company, Ine., Chicago, Illinois, ‘* Biological Phe- 
nomena in the Irradiation Sterilization of Foods’’ 

Although recessed in December, we will continue 
with monthly meetings next year up through June. 
Most of these will be dinner meetings held on the 
third Thursday of the month at the Twin Oaks Res- 
taurant, 5050 Oak Street. The 1959 schedule is: 

January 15. Dr. Mark L. Morris, Topeka, Kansas. 
‘‘Nutrition, Medicine and Advances in Food Tech- 
nology.’”’ 

February 14. Luncheon at Kansas State College, 
Manhattan, followed by a tour of the facilities in food 
technology. Those who wish will stay for the Kansas- 
Oklahoma State basketball game in the evening. 

March 19. Mr. Frane A. Barada, District Sales 
Manager, Fritzsche Brothers, Inc., St. Louis, Mo. will 
present Dr. Ernest Guenther’s film on ‘‘ Essential Oi! 
Production in Southeastern Africa’’ 

April 23 and May 21. To be announeed. 

June 18. Tour of Midwest Research Institute, Kan- 
sas City, Mo. 

Officers for the 1958-1959 season are: Mr. Robert A. 
Maxwell, Chairman; Mr. James M. Gorman, Chair- 
man Eleet; Mr. O. A. Rose, Counselor: Dr. H. E. 
Newlin, Secretary; Mr. Gunther Doerfert, Treasurer. 
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Literature 


BOOKS 


OUR 
Siebel 


Dairy Breap. E. J. Pyler, 
Publishing Company, Chi- 
cago. 19538, 157 pp. 

is limited to a discus- 
white bread. As 
all the 
United 


This text 
sion of enriched 
Mr. Pyler notes, 50% ol 
the 


The dliscus- 


bread purchased in 


States is of this type. 


sion, Which is quite veneral, is 


oriented more to inform profes- 


sional people not connected with 
the baking industry about the 
manufacture, ingredients and nu- 
tritive value of enriched white 


rather than members of the 
Mem- 


bers of these latter eroups would 


bread 
baking or allied industries. 


find that this book contains too ele- 
mentary a coverage of their major 
product, 

The subject is presented under 
SIX Inajor topies: (1) a survey of 
the history of baking and its effect 
on the growth of civilization; (2) 
the chemical and physical composi- 
tion of wheat and flour, including 
the milling 
bread 


a brief discussion ot 


Process ; miscellaneous 


ingredients; (4) the technology of 
bread baking; (9) the composition 
of bread; (6) the value 
of bread. There is also a brief ap- 


nutritive 


pendix which outlines the Federal 
Standards of Identity for certain 
bread products. 

The most interesting chapter to 
the the 
history of baking. This informative 


this reviewer Is one on 
and entertaining section begins in 
6.000 B.C. 


highlights of the improvements in 


and touching on various 


bread technology and the history 


of the times, continues until the 
present, leaving the solution of 
various problems still facing the 


The other 


and, in 


industry to the future. 


chapters contain broad 


mans too brief outlines of 


Cases, 


bread manufacture, composition 


and nutrition. 


The discussion on the 


tion and nutritive value of bread 


is brief and in various places in 
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consistent. There is an over 


emphasis on results of the MeCance 
Widdowson studies of the nutritive 
especially since 


value of bread, 


these studies have been a subject 


of controversy and it appears that 
their exact value has not been 
satisfactorily defined 

This book covers its subject. in 
a fairly general and basic manner 
As a source of introductory ma- 
terial for college students and pro 
fessional people hot directly con 
the 


this book may be of use. 


cerned with baking industry, 


CHARLES FELDBERG 
Brooklyn, New York 


LITERATURE ON 
FOOD RESEARCH 
AND TECHNOLOGY 


M rial for thi 1} 
Hodgsor Ibra bra 
Quartermaste Food and Containe Institute 
for the Armed For Is19 W ’orshing Road 
Chicago 9, Hlinoi 
Commodities 


Philip P. 
Rohland <A, 
ind I. 
\ssoc., 


{il about candy and chocolat 
Gott, L. F. Van Houten, 
Isker, Kathryn Langwill 
Martin. Nat’l 
Chicago, IL. 


Confectioner ’s 


cide 
Wash 


1958 


tipple 


others, 


Vaking and presei 
ina 
Govt. Print. Off., 
Dept. of 
bulletin, 2125 pap 
FB 1264. F 


areh 


James F. Robinson 


ington, U. 
Gp. (CU. Agriculture, 
Farmer ’s $0.10 


Supersedes Enustern 


rom 


Utilization and Rese Division, in 


with the Department of 
of Massu 


Apple In 


cooperation 
Food Technology, Unive 
the National 


rsits 
chusetts, and 


stitute. 


Food Engineering and Technology 


Processed plant prot foodstuffs \r 


nold M. Altsehul, ed Ne York, \en 
demic Press, 1958. 955 p, $26.00 

Processing of froze) french fried pota 
flocs and other potato products 
Feustel and W. Harrington. Wash 
ington, 1957. 25 4 U. S. Dept f 
Agriculture Agricultur resenre] 
serviee, ARS-74-8. pap 


Radiation 


foods, U. Ss. 


pres ration of 


Army Quartermaster Corps. Washing 
ton, U. S. Army General Staff. Re 
search and Development, 1958, 461 p. 
United States army research and de 


velopment 
hapte 


bibliographies, 


Thirty-three 
with full 


uspects of 


no. 


series, 


different authors, 


rs 


covers all 


radiation as applied to the preserva 
tion of foods 

coating of ans for certain sub 
sistenc tems, phase final report, 
June 19, 1954—January 31, 1956. Chi 
engo, Quartermaster Food and Con 
tuiner Institute 1958S. 17 p. pap. 
Available from S. Dept. of Comm, 
O.T.S., as PB 131657, 80.50, 

Biological Aspects 

lo hi history of bacteriology 
Thomas Grainget ! New York, Ron 
ald Press, GOS (Chronien 
Botanic 4.50, 
be p formance, gn. C 
Hutchinson. Melbourne, Australia, Mel 
bourne U1 ty Press, 1958, 102 p. 
Lostd \u Nutritional needs 


for both physical and mental activities. 


fabotisi of British Vedical 
Bulletir 14 September 1958, The 
Medieal Dep't, The British Couneil, 65 
1) ies Street London, Price 
= »% Twelve papers composing a 
svn on the major issues eur 
ently being discussed with regard to 
psid metabolism including absorption 
of sterols, ete., ete 
alo Vineent W. Coeh 
il Ni York, John Wiley, 1958, 
7p. Effeets of physieal and 
gel growth is) also 


Borden Centennial 


\ The nutri 

f New York (17 
el Foundation, boo 
Aver S. p. pap. apply. 


nutritionalists pre 


in celebration of 


Sul of the founding 


Chemical Aspects 


leie acids ded. 
1) ol Ne York, John 
‘ =4.00 
a ne, tn beer, 
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Chemical kinetics of enzyme action. Keith 
J. Laidler. London, Oxford 
sity Press, 1958. 428 p. 60 s. 


Univer 


Chemical transformations by microor 
ganisms. Frank H. Stodola. New 
York, John Wiley, 1958. 143 p. CE. R. 
Squibb leetures on chemistry of micro 
bial products.) $4.25. Chemical com 
position, organie type reactions, and 


synthetic powers of microorganisms. 


Introduction to the chemistry of fats and 
fatty acids. DD. Gunstone. New 
York, John Wiley, 1958. 171 p. 


S600, 


Inter 
Pure and Applied 


Symposium on protein structure. 
national Union of 
Paris meeting, 1957. Lon 


don, Methuen, 1958. 352 p. 45 s. 


Chemistry. 


Robert S. Har 
York, Aen 
(Advanees 


Vitamins and hormones. 
ris and others eds, New 
demie Press, 1958. 449 p. 


in research and application, v. 16. 


Economic Aspects 


Consumers appraise canned and frozen 


foods, their packaging and labels in 
Cisco, Levine. 
& 


Atlanta, Nansas City, and San Fran 
Daniel B. Washington, 

Govt. Print. Off., 1958. 77 yp. 
Dept. of 
marketing research reports, 270.) pap. 


Agric. Agricultural 


S045, 


Costs of handling Florida oranges 
shipped in consumer bags and in butk. 


G. L. 


Capel. Gainsville, Fla., 1958. 


p. (Florida, Agricultural Experi 
ment Station. Agr. ecor 


58-12.) pap. apply. 


mimeo, rpt. 


Yearbook food and agricultural statis 
fies, v. 11, 1957. Food and 


ture Organization. New York, Colum 


Agricul 


bia University Press, 1958. 2 v. Pt. 1, 
$3.50. Pt. 2, $3.50. Vol. 1 is on pro 


duction and v. 2 on trade. Several new 
countries are covered that were not in 


the previous annual reports. 


Miscellaneous 


Asymptotic methods in analysis. 
De Bruijn. New York, 
1958. 211 p. 7 


lnterscience, 


Vebraska symposium on motivation, 1958, 
Marshall R. Jone Ed ineoln, Neb., 
University of Nebraska Press, 1958. 

288 p. Current theory and research in 

motivation, v. 6. $3.50; pap. $3.00, 

Another in the long series which serves 

us background for motivation the 


choiee of food. 


ABSTRACTS 


—Compiled by H. A. Campbell 


BIOLOGICAL SCIENCES 
Biochemistry 


Effect of binding of ions and other small 
molecules on protein structure. IV. 
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Two electrophoretically distinguish- 
able types of interaction of bovine 
serum albumin with acidic media. 


CANN, J. R. (Dept. of Biophys., Univ. 
of Colorado Med. Center, Boulder). //. 
Am. Chem. Soc. 80, 4263-4 (1958 


sovine serum albumin undergoes 2 elec 


trophoretically distinguishable types of 
interaction with acidic media. The first 
type of interaction is observed only in 
acetate-contg. media at relatively high 
protein conen., and is interpretable in 
terms of reversible complexing of the 
buffer acid. 
The other type of interaction is best 


protein with undissociated 
studied at low protein conen., although 
with proper choice of electrolyte compn, 
it can also be 
This type of interaction has been in 
terpreted by Aoki and Foster in terms of 
a pH dependent protein transformation 


»bserved at high conen. 


Protein structural studies. 
TuRNER, J. E. (Indiana Univ., Bloom 
Abstr. 19, 435 


ington Dissertation 


(1958 


Protein structure was studied with re 
gaurd to 1) peptide subunits bound to 
gether by disulfide bonds in protein mole 
cules; 2) gamma-glutamyl residues in 
protein molecules; 3) the surface charge 
of some globular protein molecules. 
These results, along with data on pro 
tein-anion complexes, indicate that the 


serum globulins POSSESS a 


negutivels 


charged surface whereas the serum al 


bumin molecule has a positively charged 


surface. 


Thiolation of proteins. 


BENESCH, R. AND BeNeESCH, R. E. (Ma 
rine Biol. Lab.. Woods Hole, 


Proc. Natl. Acad. Sei, 44, 848-53 1958 


Mass 


N-xcetylhomoeysteine thiolacetone (AT 
TL) reaets smoothly with amino acids 
to form N-acetylhomocysteine peptides 
The application of this reaction to the 
thiolation of proteins was limited by the 
fact that a relatively high pH and long 
renetion times were required to obtain 
good yields. It was now found that in 
the presence of Ag, the thiolation pro 
cceds rapidly at room temp. in aq. soln 
it pH 7.5. The Ag and AHTL 
form an insol. complex which, i 
reaets with protein amino groups, 
AHTL is bound 


liberated for ench 


max. of 2 Ag’/mole of 
ind one proton is 


quiv. of silver. 


A new method for the protection of thiol 
groups. 


Youna, G. T 
Oxford Uni 


Proce. Chem. Soe. 257-8 (1958 


Pimiott, P. J. 
Dyson Perrins Lab., 


Engl.). 


A new method is reported for the 
tection of thiol groups, with special ap 
svnthesis of 


plication to the peptides 


contg. eysteine. By the action of benz 
thiomethyl 


verted into its 


chloride, the thiol is cor 
benzvithiomethyl deriv 
remarkably 


Such mereaptals are stable, 


but are smoothly cleaved by mercuric 


chloride, giving the mereaptide, from 


which the thiol may be regenerated. 


Protein hydration and behavior. 


KiorTz, I. M. (Dept. of Chem., North 
Univ., Evanston, lil. 


128, 815-21 (1958 


western Science 


A variety of unique features of pro 
tein behavior are interpreted in terms of 
frozen water of hydration. Emphasis is 
placed on the role played by the solvent 
in fixing the structure and properties of 
the solute molecules, us well as the influ 
ence of the solute in imposing a strue 


ture on the solvent. 


Interactions of tocopherol with proteins 
and amino acids. 


Voru, O. L. AND MiLver, R. C, 
svivania Strate Univ., 
Biochem 


1G58 


(Penn 
University Park). 
Biophys. 191-205 


Interactions between tocopherol and 


bovine serum albumin and B-laetoglobu 
lin have been studied over a wide range 
of pH values. The binding affinity for 
tocopherol is attributed to the over-all 
electrostatic charge of these proteins. 
Tocopherol ; ppears to be bound to nega 
Data for free 


il interactions with tocopherol 


tively charged centers, 


this conclusion. A mechanism of 


proposed, 


Complex phospholipids. 


(COLLINS, 


John Curtin School of 


(Dept. of 
Med., 
Nature 182, 


Biochem, 
Australian 
Univ., Canberra 
(1958 

paper is concerned with the iden 
phospholipids in N-2: 
methylated 
brain. The charae 


ition Of hew 
iitrophe nvintes and 
trou 


fraction obtained 


sties of 


polar 
countercurrent distribution in 85% 


EtOH -light petroleum were studied 
sing chromatograph \ dinitropheny! 
contg. luted from this fraction 
ntuin no free amino 

Proups and ne 
complex phospholipid was 
cousist of one molecule of 
one molecule of lvso 
thanolamine joined to 
ny eonutg. no phosphorus 
tidentified residues contg. 
ind a fatty ale. The 


materials in sheep 


that similar complex 


wcount fo some of 


compds, contg, nitrogen 


leseribed in 


phospho 


The use of furfural for the determina- 
tion of acetone bodies in biological 
fluids. 


Lyon. J.B » Broom, W. L 


Atlanta, Georgia). Can, J. Bio 


Physiol 6, 1047-56 195s 


Emory 
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for free-flowing sirups, high in solids, 
low in viscosity... at low cost 


RHOZYME 
DIASTATIC ENZYMES 


Solubilize, saccharify, or modify food starches without sacrifice in properties 
vital to good products and good processing. Ruozyme Diastatic Enzymes 
assure specific, controlled action without undesirable side reactions. 


The selective action of RuozyMe as well as its low cost, makes it an effee- 
tive, economical answer to such processing problems as: 


Processing of Pre-Cooked Cereals—hy permitting higher-solids processing 
without raising viscosity and thereby increasing plant output. 


Production of Corn Sirup—by saccharifying corn starch to make sweet, 
non-bitter sirups. 


Production of Cocoa Sirups—by lowering viscosity so that sirups pour 
more readily. 


Bread-Making—by modifying bread starch for better texture, grain and 
shelf-life. How can Ruozyme Diastatic Enzymes help you ? 


RI Chemicals for Industry 
ROHM & HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in princ tpal foreign countnes 


Ruozye is a trademark, Reg. U.S. Pat. Of. 
and in principal foreign countries. 


Write Department SP-3 
for complete notes, 


A rapid and sensitive method for the 
detn. of acetone plus acetoacetate, and 
total acetone bodies in blood and urine is 
deseribed. It is based upon the condensa 
tion of acetone and furfural in the pres 
enee of a strong base to form difurfuryli- 
dene-acetone, which develops a red to 
violet color in strong acid. The effective 
range is from 1 to 6 wg of acetone sam 
ple. The average standard deviation, 
based on reeoveries of added material, 
was 5%. When the method was applied 
to detns. in blood and urine of several 
species, the results agreed with those re- 
ported by others. 


Browning and the Amadori rearrange- 
ment. 

Norpin, P. anp Kim, Y. (Dept. of 
Flour and Feed Milling Ind., Kansas 
Agr. Expt. Sta., Manhattan). J. Agr. 
Food Chem, 6, 765-70 (1958). 

The browning of glucose with alanine, 
glycine, and phenylalanine in soln. was 
compared with the browning of the 
Amadori rearrangement products of glu 
cose and the corresponding amino acids. 
The rates of browning and the develop 
ment of ultraviolet spectra for these sys 
tems were recorded. The amt. of Ama 
dori rearrangement products formed in 
a browning system was measured. 


Microbiology 


Microbial and other enzymes as depila- 
tory agents. 

Connon, T. C., Jones, H. W., CLARKE, 
IT, D. anp NaGuskl, J. (Eastern Regional 
Research Lab., Philadelphia, Penna.) 
Appl. Microbiol. 6, 293-7 (1958). 

Studies with bacterial, fungal, and 
other enzymes revealed varying degrees 
of depilatory action. This activity could 
not definitely be correlated with the 
proteolytic or dextrinizing 
measured by hydrolysis of casein and 
starch. 


power as 


Separation of bacterial spores by foam 
flotation. 

s0YLES, W. A. AND LINCOLN, R. E. 
(Fort Detrick, Frederick, Md.). Appl. 
Microbiol. 6, 327-34 (1958). 

A selective method of removing and 
or concentrating bacterial spores and 
vegetative cells from the culture growth 
iaedium by foam flotation is deseribed. 
Foaming chambers were made of simple 
glass cylinders equipped with spargers. 


Nutrition 


Weight control through prevention of 
obesity. 
SEBRELL, W. H. (Williams-Waterman 
Fund, Researeh Corp., New York City). 
J. Am. Dietetic Assoc. 34, 920-3 (1958) 


A discussion of the obesity problem 
and its causes with the suggestion that 
the real method of controlling it lies in 
education. The author suggests that the 
present edueational trends in nutrition 
are only encouragements to eat more and 
better food without teaching that obesity 
is malnutrition and to be avoided as 
much as a deficiency in proper nutrients. 
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Metabolic demands as a factor in weight 
control. 


AND CONSOLAZIO, F. (New 
School of 


167, 217-19 


PoLLAcK, T. 
York Univ. Post Graduate 
Med.). J. Am. Med. Assoc. 
(1958). 


The importanee of the calorie expendi 
ture factor in the development of moder 
ate obesity in the adult should not be 
minimized, It is important for persons 


to recognize that certain physiological 
changes take place in the human body 
that demand readjustment of the work 
and play habits or special attention to 
food intake. 


dietary 


Small increments of excess 
ealorie intake and small deere 
work to 
gether ean be responsible for mueh adult 


ments of decreased output of 


obesity. 


Climate and caloric intake. 


Nutrition Revs. 16, 237-8 (1958) 


Results of nutritional studies on yvoung 
soldiers fail to indicate a major influ 


ence of ambient temp. on ealorie re 


quirements. Indirect factors, such as 
the increased work involved in wearing 
and performing duties in heavy protec 
tive clothing are responsible for most of 


the inereased ealorie requirements of 


cold climates. In arriving at an estimate 
of food 


knowledge of the type of work to be per 


requirements in the subaretic, 
formed is more important than elimate 


for individuals with adequate clothing 


and shelter 


Physiological and nutritional aspects of 
obesity. 
School of 


Borden's 


Maver, J. (Harvard Univ. 
Publie Health, Boston, Mass 
Rev. 19, No. 3, 35-55 (1958 

There is little doubt that the preva 
lence of obesity in this country is on the 
increase and that it is acec mpanied bs 


inereased mortality from a number of 


degenerative diseases. There is nlso the 


likelihood that the 


obesity 


relationship between 


sensu stricto, (1.e. @Xeess fut 
accumulation) and disease has been ob 
secured by the facet that the 


tubles which provide the bulk of avail 


NSUPrANCE 


able data were established, not in terms 
of individual fat content, but in terms 
Bods 


correlation with 


of weight. build pe se shows 


certain diseises. In 


spite of these difficulties and complexi 
ties, it is still fair to say that the rela 
tionship of obesity and disease is close 
enough to allow obesity to be considered 
public health 


one of the most serious 


problems facing Western societies. 


The chemistry of lipids as related to 
atherosclerosis. 


Atvarez, W. C. Geriatrics 13, 694-5 


(1958 


A diseussion of a number of papers 


presented on the chemistry of lipids in 
whieh the following points were made by 
Dr. I. H. Page of the 


Not cnough definite 


Cleveland Clinie. 


knowledge is avail 
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able to indieate that physicians are justi 
fied in ordering drastic ehanges in the 
diets of patients. It may well be that 
the quality of fat in the diet is im 
portant, but other factors may be even 
more significant. It remains to be proved 
that long-term administration of a diet 
in which the usual 40% fat calories is 
redueed to 2507 will elicit a significant 
and lasting reduction of plasma lipid 
levels. It 
cut down on the amt. of fat in the diet, 


is probably a good thing to 


und there is some evidence that it is wise 
to use vegetable instead of animal fats 
but no justification for a low cholesterol 
diet. 
lipids and blood cholesterol is not detd. 
by the amt. of fat or type of fat he takes 
but by his body reaction to the fat. 


What happens to a person's blood 


Effect of -sitosterol on regression of 
hypercholesterosis and atherosclero- 
sis in chickens. 

Dinter, E. R., Woops, B. L. 

VEY, <i A. (Biochen 

Lilly Research Labs., Indianapolis, Ind 

Prec, Soc. Exptl. Biol. Med, 98, 813-17 


1958 


Research Div., 


An elevated cholesterol conen. the 
liver, serum, and sorta of the chicken 


was reduced by administration of 
sitosterol in presence or absence of diet 
ary cholesterol or by the withdrawal of 


Atheroma regression 


dietary cholesterol. 


in the chicken was accomplished by the 
administration of S-sitosterol in presence 
of dietary cholesterol, this regression 


was paralleled by a drop in cholesterol 


conen. of the blood and liver. 


Fat deposition in rat tibia due to lysine 
deficiency. 


du Pont de Nemours and Co., Newark, 
Del, Proe. Soc, Biol Ved, is 


825-6 (1958 


Results with lysine-supplemented 


diets and with stock diets show 


that the lipid content of the tibia is rela 


exptl. 


tively low when sufficient lysine for opti 
mum growth is available to voung rats 
With the lvsine-deficient diet, growth is 
retarded and bone lipids are inereased., 
Interference with production of normal 
hone marrow appears to be a definite i 


dication of lysine deficienes 


Supplementation of diets with proteins 
and amino acids. 
Fiopixn, N. W. Lysine 
Pont de Nemours, Tn 
Del.). Am. J. 


(1958 


Div., E. I. « 
Wilmingto 
Public Health 48, 


i, 


Methods of improving the protein effi 
erenes of the human diet are 
in the light of recent research. E hiasis 
Is placed on the lwsine supplementation 
of bread, Comments on the eeonomie us 


pects of the problem are also included. 


The amino acid adequacy of milo (grain 
sorghum) for the growth of rats. 


Ponp, W. G., Hivuier, J. C. AND BEN 
ron, D. A (Dept. of Animal Hus- 
bandry, Oklahoma State Univ., Still 
water). J. Nutrition 65, 493-502 (1958). 


Weanling male rats were used to study 
the effects of supplementing milo with 
amino acids. The addn. of 0.50% of L 
Ivsine and 0.26 of pDL-threonine to the 
basal 


mately 


ration produced growth approxi 
equal to that 


purified diet contg. 11% 


obtained with a 
of casein, but 
inferior to that obtained with a 21% 
casein purified diet. The addn. of 0.2 or 

1) Of DL-isoleucine, 0.05 or 0.10% of 

methionine, 0.16¢ of DL-tryptophan or 
2 effeet on 
growth rate in any of the combinations 


0.2% of L-valine had no 
used. Lysine and threonine are proba 
bly the most limiting amino acids in milo 


for growth 


Changes in intestinal bacterial flora and 
role of infection in kwashiorkor. 


SMYTHE, P Dept. of Child Health, 
Town, South Afriea). 


7 (1958 


It is suggested that one effect of an 
inadequate protein diet is disturbance 
of the intestinal flora, and that this 
it part in the elinieal 
iorkor. Better criteria 
<Washiorkor ire needed, 
measured in a simple way, 

criterion. The aver 

au large series of 

could b ore Widely used in e¢om 
paring the eflicaey of different forms of 
treatment The complicating effects of 
possibly disturbed intesti 
hould be eontrolled as far as 
hefore 


comparing one dietetic 


imother 


Iron metabolism in protein deficiency. 


Vutrition Revs 6, 251-2 (19058). 


Results expts. performed with rats 


idiea thi: metabolism is severely 
deranged quite early in protein depriva 
tion, All uptake is redueed by hema 
toporeth This may he due to a 
lirement f protein for normal iron 
nusport, and the effects of protein de 


neieney on 


Iron-contg. enzymes, 


Dietary potassium supplementation and 
performance in the desert. 
M. J. P. 
lin. and 


dietary Wo supplementa 
ince has been studied in 
Performance abil 

Vv mensurement of 

$5 mile hike in 2 
Harvard Step Test; 
and morning rectal 
indicates that 
carried out nor 
intake of 70-75 


despite large sweat 


ormance 

with a total K 
losses. 
supplementation to provide 
ice this amt. did not influence 


nee 


3] 
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Refractoriness to intrinsic factor. 


Nutrition Revs, 16, 235-7 (1958). 


Some pernicious anemia patients when 
treated with intrinsic factor concentrates 
prepd. from hog mucosa develop a_ re 
fractory state which is manifested by a 
poor vitamin By absorption. Even after 
development of this state normal absorp 
tion of the vitamin ean be achieved when 
gastric juice from normal human sub 
jJeets is given. 


Vitamin B,. metabolism in liver disease. 
Nutrition Revs. 16, 23 (1958), 


Patients with «a diagnosis of liver dis 
euse were injected intramuscularly with 
0 pg of vitamin By. These patients ex 
ereted much less B than did control 
patients. There was a good correlation 
between the degree of liver damage, as 
estd. by the standard laboratory tests, 
ind the degree of reduction of By ex 
eretion, It is suggested that By exere 
tion muy be a better measure of liver 
damage than standard procedures, 


Nutritional studies with the hyperthyroid 
rat. 


STEVENS, (. O. AND HeENbDeRSON, L. M. 
(Dept. of Chem., Univ. of Tllinois, Ur 
bana). J. Nutrition 64, 67-83 (1958). 


Experiments designed to improve the 
ussuy for substance(s) in liver and other 
natural materials whieh partially reverse 
the growth suppression of hyperthyroid 
rats have been reported. Cholesterol, 
corn oil or eryst. aureomyecin stimulated 
growth slightly under these assay con 
ditions. A combination of these 3 sub 
stunees supported growth and = survival 
nearly equiv. to that obtained by re 
moving the iodinated exsein from the 
diet. Casein and many other proteins or 
protein-contg. supplements were not ae 
tive. Removal of iodinated exsein from 
the diet lowered the basal metabolie rate 
and caused immediate resumption of 
growth. A liver residue aetive in stimu 
lating growth did not alter the basal 
metabolie rate. 


Alcohol and nutritional diseases of the 
nervous system. 


Vierorn, M. (Massachusetts General 
Hosp., joston, Mauss.). J. Am. Med, 


Assoc, 167, 65-70 (1958) 


Nutritional disorders assume consider 
uble importanee by virtue of the serious 
and often permanent damage which they 
infliet on the nervous system particularly 
on the mind. The = specifie nutritional 
factor concerned is thiamine. Disease, 
however, may result from a deficieney of 
any one of 3 B vitamins: thiamine, pyri 
doxine, or pantothenic acid. 


Dietary treatment of myopia in children. 


GARDINER, P. A. Lancet 7081, 1152-5 
(1958). 

In a group of shortsighted ehildren 
who reeeived extra animal protein, the 
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rate of visual deterioration was much 
less than in a group whose diet was not 
changed. Of the children over 12, there 
was actual improvement in most of those 
who took the greatest quantity of animal 
protein, 


FOOD AND FOOD TECHNOLOGY 


Baking and Bakery Products 


The physical chemistry of wheat proteins 
in connection with the baking value 
of flours. 


BuoksMa, A. H. (Inst. of Cereals, 
Flour and Bread T.N.O., Wageningen, 
The Netherlands Wallerstein Lab. 


Commun, 21, 215-30 (1958 


This review deals with the explana 
tions that have been proposed for the 
differences in the properties of gluten 
from distinet lots of wheat or flour and 
for the effect of flour improvers. An out 
line of some methods used for the in 
vestigation of the mechanical properties 
of doughs is presented. The amino acid 
compn, of gluten is reported. The fol 
lowing sections deal with 4 types of 
chem, bonds which might det. the rheo 
logical properties of the gluten, the pep 
tide bonds, disulfide cross linkages, hy 
drogen bonds and electrostatic forees 
Some remarks on the interaction between 
proteins and lipids in the dough are also 
included, 


Beverages 


Process and apparatus for preparing car- 
bonated liquids. 
Konts, F. U. &. 2,856,307. Oct. 7, 
1958, 


Provides for one step in a process for 
preparing a homogenized earbonated 
liquid. A jet of carbonic acid and a jet 
of a liquid to be carbonated are slanted 
toward each other so as to unite on a 
surface area, thus causing joint atomiza 
tion of the jets. 


Cereals and Grains 


The effect of freezing on the hydration 
characteristics of rice. 


RoseMAN, A. S. (Southern Regional 
Research Lab., New Orleans, La.). Food 
Technol, 12, 464-8 (1958 


Milled and unmilled rice when gela 
tinized and then frozen in the presence 
of 607 or more water in the grain under 
went structural alteration. The dried 
treated grains were chalky-white, uni 
formly spongy, and hydrated quite rap 
idly with water at room temperature. 
Slow freezing or fast freezing followed 
yy a slow thaw appear to be required for 
this alteration, Alteration of properties 
by this process could be inhibited by 
freezing in the presence of caleium ni 
trate, a swelling agent. 


Coffee and Coffee Products 


Phenolic acids in coffee. 

LENTNER, C. AND DEATHERAGE, F. E. 
(Dept. of Agr. Biochem., Ohio State 
Univ., Columbus). Chem. and Ind, 41 
1331-2 (1958). 


Analysis of the ‘‘ isochlorogenie band’’ 
obtained by partition chromatography on 
silica gel of hot exts. of ground coffee 
beans showed the probable presence of 
isomers of chlorogenic acid. Results re 
garding these isomers agree with the re 
cent identification of chlorogenic acid, 
isochlorogenic acid, neochlorogenic acid 
and compound *45107°", a further caffeic 
neid ester, in coffee. In addition at least 
2 esters of ferulie acid and one ester of 
p-eoumarie acid have been tentativels 
identified. There was some indication 
that the aleoholice moiety of these 
compds, is quinie acid, Other phenolic 
compas. were deteeted in green anid 
especially in roasted coffee, but have not 
been identified. 


Dehydration 


Rapid vacuum freeze-drying of meat. 


BryNnxko, C. AND SMITHIES, W. R. (1% 
fense Research Med. Labs., Toronto, 
Can.). J. Sei. Food Agr. §76-83 


(1958). 


Freeze-drying earried out in conven 
tional equipment is a slow process, the 
rate of drying being limited by the rate 
ot transfer of heat of sublimation. <A 
method is deseribed to carry out rapid 
freeze-drying of meat or other foodstuffs 
by laying the pieces between heute: 
plates fitted with metal spikes whieh con 
duct heat uniformly and efficiently into 
the material. Meat slices * in. thick can 
be freeze-dried in 3-5 hours. 


Fats and Oils 


The specific distribution of fatty acids in 
the glycerides of animal and vege- 
table fats. 


Martrsox, F. H. anp Lurrox, E. 8. 
(Procter and Gamble Co., Miami Valles 
Lubs., Cineinnati, Ohio). J. Biol. Chem. 
233, 868-71 (1958 


By means of pancreatie lipase, which 
specifically removes the fatty acids es 
terified with the primary hydroxy! groups 
of glycerol, the location of the fatty 
acids in the gilyvcerides of a number of 
naturally occurring vegetable and animal 
fats has been studied. Naturally oceeur 
ring triglycerides exhibit a high deg 
of specificity of fatty acid distribution, 
so that random distribution does not 
occur in either vegetable or animal fats. 
In the vegetable fats the satd. fatty 
acids are predominantly esterified with 
the primary hydroxyl groups of glycerol. 
Lard is unique in that of all the fats 
studied, it is the only one in which the 
satd. fatty acids are predominantly in 
the 2 position. 
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Fish 
The use of fish flours as human food. 


ANON. Nutrition Div., FAO of the 
U.N., Rome, Italy). Proce. Nutrition Soe. 
l 153-60 (1958 


Fish flour, properly processed, would 
be an exeellent dietary supplement in 
areas of the world where protein malnu 
trition is prevalent. This review covers 
such topies as saeceptability criteria, 
methods of manufacture and recent in 
ternational acceptability surveys. A sum 


mary of anal. data is also presented. 


Legislation 
The federal food, drug and cosmetic act 
of the United States. 
NN, Cc, Ww. Food 
Law J, 13, 407-68 (1958). 


Drug Cosmetic 


The safe food additives law and its 
amendment were surveyed in a sym 
posium held by the International Com- 
Agricultural Industries in 


Lists of approved and 


mission for 
Paris, France 
unsatisfactory chemical additives and of 
pesticides tolerances established by the 
FDA are presented in addition to legal 
standards of particular interest to the 
meat packing industry. 


Starch 
Manufacture of filaments, films or the 
like from natural proteinaceous ma- 
terial. 


Assignor to Corn 
U. S. 2,854,345. 


McDowe.i, C. J. 
Products Refining Co. 
Sept. 30, 1958. 


After heating at 60° C., washing and 
decanting, a slurry of spray dried corn 
gluten is dispersed in an alk. soln. (pH 
10.5-11.5), filtered and then deaerated. 
The resulting translucent soln. is spun 
into filaments, which are stretched, cured 
und finally baked. 


Miscellaneous 
Planning your research paper. 


Sanrorp, F. B. (Fishery Technological 
Lab., Seattle, Wash. Fishery Leaflet 
Vo. 447, U. S. Dept. of Interior, Fish 
and Wildlife Service (April 1958); 
Comm, Fisheries Abstr. Ti, 15 (Oct. 
1958). 


This manual, which is divided into 2 
main sections, presents suggestions on 
how to plan your research paper. The 
tirst seetion deals with preliminary steps 
in planning—-such as outlining, choosing 
headings, and making tables. The second 
section deals with the various parts of 
title, abstraet, table 
acknowledg 


the research paper: 
of contents, introduction, 
ment, procedure, results and discussion, 
conclusions, summary, and literature 
cited. The difference between the econ- 
elusion and the summary is made clear, 
and the relationship between the title 
and the listed in 
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the introduction is pointed out. Finally, 
a way of avoiding repetition in writing 
the summary and the abstract is sug- 
gested. 


PHYSICAL RESEARCH 
The problem of polymer coacervation. 


Bropa, A. AND CHopkowska, M. B. 
(Inst. of Synthetic Fibers, Lodz, Po 
land). J. Polymer Sei. 380, 639-44 


(1958). 
between concen, of 


phase and the 


The relationship 
polymer in the pptd. 
properties of the system are derived. 
that, for any 


phases 


This relation indicates 
polymer, a sepn. into 2 liquid 
which agrees with Kruyt’s definition of 
coacervates can be obtained, It is sug 
gested that it is not always correct to 
distinguish coneervation as special 
phenomenon. The exptl. results of in 
vestigation of the systems: ethanediol- 
water-phenol-polyamide and acetone- 
methanol-benzene-polystyrene are pre- 


sented, 


Industry Publications 


Neumann-Buslee and Wolfe, 
Ine., 5800 Northwest Highway, 
Chicago 31, Illinois, has recently 
issued a new Catalog and Price List 
of Essential Oils and related prod- 
ucts. A complete revision in make- 
up will enable the trade to use this 
book with facility. The 
new catalog will be four 
times per year, with issue 
carrying a new color scheme to 
enable the trade to distinguish the 
most recent issue. Simultaneously, 


greater 
issued 


each 


a colorful new label is being used 
for all Neumann-Buslee and Wolfe 
products, having undergone mod- 
ernization with a view to better 
identification and greater legibility 
of product named. 


Industry 


PERSONNEL 


Dr. Maurice Bender has trans- 
ferred from the fishery products 
inspection and certification unit of 
the U. S. Bureau of Commercial 
Fisheries to the Division of Gen- 
eral Medical Sciences at the Na- 
tional Institutes of Health. He will 
be concerned with administration 
of the research grants program of 
the Division. 


Dr. Gideon E. 
Livingston, as- 
sociate profes- 
sor of food tech- 
nology at the 
University of 
Massachusetts, 
director of Food 
Science Assoei- 
ates, food indus- 
try consultants, 
and executive 
secretary of Phi 
Tau Sigma, the food science honor 
society. leaves Amherst, Massa- 
chusetts, to join the Continental 
Baking Company in Rye, New 
York. Dr. F. M. Sawyer of the 
University of Massachusetts sue- 
ceeds Dr. Livingston as executive 
secretary of Phi Tau Sigma. 


G. E. Livingston 


Mrs. Robert Meyner, wife of New Jer- 
sey’s Governor, is seen here receiving a 
gift during ceremonies dedicating the 
opening of a new H. Kohnstamm & Co. 
plant in Kearny, New Jersey. The gift, 
containing a collection of Kohnstamm 
products, is being presented by Dr. David 
Jorysch, Technical Director of the Kohn- 
stamm flavor division. Also seen are: 
left, Governor Meyner, who was guest of 
honor at the opening ceremonies, and, 
behind Mrs. Meyner, Paul L. Kohnstamm, 
President of the chemical concern. 


Dr. Albert L. Elder, director of 


research of the Corn Products 
Company, Argo, Ill, and an an- 
thority on medicinal chemicals, 
proteins, and starches, has been 
chosen president-elect of the Amer- 
ican Chemical Society. He will 
head the Society in 1960. Dr. Elder. 
an IFT member of long standing, 
was elected in a nationwide mail 
ballot of the Society ’s 86,000 chem- 
ists and chemical engineers. <At 
the same time, Dr. Byfon Riegel, 
director of chemical research and 
development of G. D. Searle & Co., 
(Chicago, was eleeted to the So- 
clety’s Board of Directors for a 
three-vear term as a Regional Di- 
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rector. Dr. Louis P. Hammett, 
professor of chemistry at Columbia 
University, was re-elected a Re- 
gional Director. 

Dr. Elder, the new president- 
eleet, was head chemical advisor of 
the War Production Board and c¢o- 
ordinator of the penicillin program 
in World War II. He directed the 
construction and coordination of 
20 plants for the production of 
penicillin in the United States and 
Canada. He also was closely asso- 
ciated with the early development 
of the Government’s synthetic rub- 
ber program, and represented the 
Patent Office War Division on the 
War Production Board. 

He was president of the Research 
and Development Associates of the 
Quartermaster Food and Container 
Institute from 1951 to 1953, and 
chairman of the committee on foods 
of the National Research Council 
Quartermaster Advisory Board 
from 1954 to 1957. For ‘‘service, 
loyalty and devotion to duty’’ from 
1944 to 1957, he received the Award 
of Appreciation of the Quarter- 
master Food & Container Institute. 
He is the author of several scien- 
tifie articles and three textbooks on 
chemistry. 

A native of Lexington, IIL, Dr. 
Elder received the B. A. degree in 
1923, the M.S. in 1925 and the 
Ph.D. in 1928 from the University 
of Illinois. After two 
Charles M. Hall Research Instrue- 
tor at Oberlin College, he joined the 
faculty of Syracuse University in 
1930. 
istry there until 1941, when he left 
to serve the War Production Board. 


years as 


He was professor of chem- 


AVAILABLE: MANUFACTURING 
EXECUTIVE—Chem. Eng. with exten- 
sive and diversified exp. in production, 
technical supervision and development of 
vegetable, fruit and meat products, pre- 
serves, pickles, salad dressings and may- 
onnaise. Canning, dehydrating and freez- 
ing of food products. Merchandising exp. 
Desires position with responsibility. RE- 
PLY BOX 665, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 3, 
Ill. 


WANTED: Position in technical sales 
management. 12 yrs. exp. in technical 
marketing of ingredients of dairy, con- 
fectionery and cosmetic industries. Di- 
rected sales through distributors, brokers, 
export agents. Also exp. in dairy man- 
agement, research and development. De- 
veloped profitable new products. REPLY 
BOX 666, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, IIl. 


FOOD TECHNOLOGY, FEBRUARY, 1959 


APPLICATIONS ENGINEER 
The Scientific-Industrial Division of the 
American Sterilizer Company of Erie, 
Pennsylvania needs an applications engi- 
neer for customer liaison in Research and 
Engineering Departments for the develop- 
ment of new biological equipment. Ex- 
perience in pharmaceutical, food or other 
biological process industries will be help- 
ful. For information please write details 
of work and education to J. A. Brugger, 
c/o American Sterilizer Company, 2424 
West 23rd Street, Erie, Pennsylvania. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


WISCONSIN 


— 
Write for Price Schedule 
P.O. Box 2217, Madison 1, Wis 


Our 36th Year 


ANALYSES 


EVALUATIONS, CONSULTATION 
MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C. 


# Formerly FOOD RESEARCH LABORATORIES, INC. 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 


Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
Room 628 
HArrison 7-8600 
220 S. State St., Chicago 4, Ill. 


it’s YOUR Responsi- 
bility Under New 


FOOD ADDITIVES 
LAW! 


Utilize our 12 years experience 
and COMPLETE facilities for 
required evaluation. Animal, 
tracer, chemical tests, F.D.A. 
counsel, etc. 


Schedule your tests NOW! 
Phone JEfferson 1|-5922 


CIENTIFIC 
SSOCIATES 


3755 FOREST PARK AVE. 
ST. LOUIS 8, MISSOURI 


- 
LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


q@ lLaWALL & HARRISSON 
Div. F. 1921 Walnut St., Philadelphia 3, Pa. R16-4322 
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Research 


SERVICES TO THE FOOD INDUSTRIES 
@ Consuiiation on Food Problems. 
@ Analyses of food materials and products. 
@ Fiavor evaluation 
@ Product development 
Founded 1869 
Write for bulletin ‘Scientific Quality 
Control of Foods and Beverages” 


SCHWARZ LABORATORIES, Inc. 
230 Washington St., Mount Vernon, N. Y. 
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AVAILABLE: Food Technologist with 
comprehensive responsible experience in 
many phases of food industry including 
R & D, production and technical service. 
Desires position centering on applications 
or sales development. Salary negotiable. 
REPLY BOX 654, Institute of Food 
Technologists, 176 W. Adams St., Chi- 
cago 3, IIL 


WANTED: Food Technologist or Chem- 
ist for product development and te-h- 
nical sales service work in the application 
of starches and corn syrups. Location— 
Keokuk, Iowa. Submit resumé to: Direc- 
tor of Technical Sales Service, The 
Hubinger Company, Keokuk, Iowa. 


WANTED: Quality Control Supervisor. 
Midwestern plant manufacturing flour 
mixes; training and experience in cereal 
chemistry or food technology required; 
knowledge baking technology and statis- 
tical methods desirable. Full responsi- 
bility for material, process, finished prod- 
uct testing. Salary commensurate with 
experience. State requirements. REPLY 
BOX 660, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, II. 


FOOD TECHNOLOGIST wanted by pro- 
gressive mid-southern packer. Require- 
ments: B.S. degree Food Technology, 
Engineering or Chemistry plus 5 yrs. or 
more exp. in meat processing (sausage, 
smoked meats and canning). Should have 
knowledge product quality control includ- 
ing basic principles statistical quality con- 
trol as applied sausage operations. Ex- 
cellent employee benefits. Send complete 
resumé including recent photo. State 
salary requirements. All replies strictly 
confidential. This advertisement has been 
cleared with our technical staff. REPLY 
BOX 663, Institute of Food Technol- 
ogists, 176 W. Adams St., Chicago 3, II. 


Opportunity for young man—food sci- 
ence, bacteriology or chemistry major. 
Diversified work in branch plant of ex- 
panding fruit processing concern in New 
York State. Man with some knowledge 
of, or work in, this field preferred. RE- 
PLY BOX 655, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 
3, Il. 


Packer of canned fruits, vegetables and 
specialty items has excellent opportunity 
for Food Technologist in supervising and 
directing Research and Product Develop- 
ment Department. Ph.D. or comparable 
experience desired. Good salary plus par- 
ticipation to the right man. REPLY BOX 
662, Institute of Food Technologists, 176 
W. Adams St., Chicago 3, Ill. 


SALES REPRESENTATIVE: Energetic 
Eng. and Food Technologist with exten- 
sive experience of processing and equip- 
ment, development of machinery and 
techn. service in the food industry in 
America and Overseas. Available for 
sales representation in USA and Overseas. 
Languages. REPLY BOX 664, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


WANTED: FOOD TECHNOLOGISTS, 
B.S. or advanced degree. Leading meat 
processing firm needs creative personnel 
in Development and Applied Research 
positions. Offer considerable challenge 
and opportunity for advancement in new- 
ly created areas of food research. REPLY 
BOX 653, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, III. 
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AVAILABLE: Food Technologist, ex- 
perienced in research ard product devel- 
opment, and administraiion and direction 
of technical service and field development. 
Prefer position in Product Development, 
new applications and product improve- 
ment with a growing company. REPLY 
BOX 658, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, II. 


QUALITY CONTROL MANAGER 
Can Manufacturing 


New can manufacturing division 
of National Food Packer has high 
level management spot open for 
man to head-up national-wide qual- 
ity control organization. Must have 
supervisory experience in Quality 
Control end of can manufacturing 
industry. 


Send complete resumé of educa- 
tion, experience, and salary require- 
ment in first reply. All replies will 
be held in strict confidence. Re- 
sumés returned on request. RE- 
PLY BOX 656, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, IIl. 


FOOD TECHNOLOGISTS 


Research Division of interna- 
tional food company, located 
in middle west, has several 
openings for Food Technolo- 
gists. 


Vacancies for recent gradu- 
ates and for technologists with 
10 years responsible experi- 
ence in the production or re- 
search phases of food product 
and process development. 


Salaries from $4,800 to $10,- 
000. REPLY BOX 661, In- 
stitute of Food Technologists, 
176 W. Adams St., Chicago 3, 
Ill. 


FOOD (CANDY AND DAIRY) 
TECHNOLOGISTS (B.S.-M.S.) 


Opportunities are open for two men with 
5 to 10 years experience respectively in 
the manufacture of candy and ice cream 
and related products. These challenging 
positions are in an expanding Technical 
Sales Service Department. After a brief 
training period, service contacts with cus- 
tomers will require approximately half of 
your time; the remainder will be spent 
in our food technology laboratories at 
Clinton. 


Excellent employee benefits and working 
conditions. Send résumé with full details 
of education, experience and salary re- 
quirements to: 


DIRECTOR, TECHNICAL SALES 
SERVICE DEPARTMENT 
CLINTON CORN PROCESSING 
COMPANY 
CLINTON, IOWA 


WANTED: Position — Production or 
Quality Control Manager or Product De- 
velopment in Food Industry or related 
field. Age 37, B.S. Biochemistry, 13 yrs. 
exp. in Quality Control, Production and 
Product Development. REPLY BOX 659, 
Institute of Food Technologists, 176 W. 
Adams St., Chicago 3, II. 


WANTED: FOOD TECHNOLOGIST. 
B.S. or M.S. degree. Under 35. For 
employment in large food processing 
plant. Technical areas diversified. Re- 
search and Development, Quality Con- 
trol, general training program in Plant 
operations. Medium size midwestern city. 
Send photo, resumé and salary require- 
ment. REPLY BOX 657, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, III. 


RESEARCH OPPORTUNITIES 


METHODS-PROCEDURES CHEMIST 
—Degree in Chemistry plus 3-5 years ex- 
perience in analytical control techniques. 
To develop ingredient testing methods 
and procedures for new product applica- 
tion. 


SENIOR CHEMIST—Degree in Food 
Technology or Chemistry. 3-5 years ex- 
perience in shortening, cereals or flour 
milling industry. To apply new ideas 
and concepts in product development 
area. Program and execute projects in 
formulation. 


These positions are new and offer chal- 
lenge and responsibility in an expanding 
program. Send résumé including salary 
requirements to address below. All re- 
plies will be treated confidentially. 


Calbert Butler 
THE PILLSBURY COMPANY 
Minneapolis, Minnesota 


SANITATION CONSULTANT 
One of the oldest firms established to per- 
form preventive food plant sanitation 
consulting services is expanding its or- 
ganization and needs college graduates 
having Biological Science degree, who 
are willing to do some travel. Applicants 
must have ability to deal with people. 


Firm has top reputation in field, sells no 
products—only advice—and for many 
years has served a wide variety of food 
processors throughout the United States. 


Company provides car, expense advances, 
profit sharing program, retirement pro- 
gram, hospitalization, accident and life 
insurance, and other employee benefits. 
Salary commensurate with training and 
experience. Advancement opportunities. 


Write fully and in complete confidence. 


J. Carl Dawson & Associates 
P.O. Box 5805, Ferguson Br. 
St. Louis 21, Missouri 


RESEARCH DIRECTOR 


Excellent opportunity for promotionally 
minded Research Director for progressive 
So. Calif. Food Products Co. Must have 
strong food tech. training and experi- 
ence. Must be able to relate scientific 
findings to Sales and effectively admini- 
strate own personnel in new, well. 
equipped laboratory. Creative ability in 
new products essential. Send resumé in- 
cluding photo and salary requirement to 
BOX 643, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, III. 
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What’s different and better about these products? 


All these food emulsions, sauces and beverages — 
have been measurably improved by versatile and 
highly adaptable Kelco Algins! 


KELCOLOID ® 

IN FRENCH DRESSINGS 
gives greater emulsion 
stability. Markedly in 
creases shelf life. For 
Kelcoloid protects 
against body breakdown 
and separation even 
when dressings are sub- 
jected to high transit 
and storage tempera- 
tures, or refrigeration. 


KELCOSOL® 


IN FROZEN PIZZA PIE 
SAUCE assures a smooth 


homogeneous and at- 


tractive appearance 
when thawed. And, | 
Kelcosol prevents mois- | 
ture migration when 


sauce is frozen. 


SHERBELIZER® 


IN SHERBETS AND 
WATER ICES gives 


| smoother texture, im 
| proved body and superior 


flavor release from fruit 
ingredients. With Sher- 
belizer you get meas- 


| urably higher, more 


uniform overrun and 
faster freezing. 


| Whether you make emulsions or suspen- 
| sions, packaged dry mixes or beverages, 
| Sauces or syrups, if you have a product 
| Or processing problem, there is a Kelco 
| algin to solve it. And, at your service are 
our highly qualified technicians, ready 
KELCOLOID 0? | to give individual attention to your prob- 
IN BEER produces a far | lems. Write or phone your nearest Kelco 


more stable, far longer | regional office today. 
lived, creamier foam. A 
foam resistant to break- 


down even in the PRODUCTS OF KELCO COMPANY 
fs 
120 Broadway New York 5, N. Y. 
ual fatty or greasy foam |  20N. Wacker Drive Chicago 6, Illinois 
530 W. Sixth Street Los Angeles 14, Calif. 


inhibitors frequently | 
found on glassware. Cable Address: Kelcoalgin — New York 
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Next to Nature, it seerns that Norda must know how to make Grape taste real. 
Traditional skili does the job. Constant, continuing, restiess research keeps 


improving it all the time. Are you using some fine Norda Flavors? 


Flavor it with a Favorite —from 


Norda, 


Free Samples, if you'll ask on your business letterhead 
NORDA, 601 W. 26 St., New York 1, N. Y. - Chicago - Los Angeles - San Francisco - Toronto - Montreal- Havana - London - Paris - Grasse - Mexico City 
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